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POISONS 



THEIR EFFECTS AND DETECTION 



VI. THE MYDRIATIC GROUP OF ALKALOIDS— ATROPINE— 
HYOSCYAMINE— SOLANINE— CYTISINE. 

I. ATROPINE. 

Atropine (Daturine), CnHjjNOs. — This important alkaloid has been 
fonnd in all ^e^s of the Atropa belladonna, or deadly nightshade, and 
in all the species of Datura, 

The Atropa Belladonna is indigenous^ and may be found in some 
parts of England, although it cannot be said to be very common. It 
belongs to the SolanacecBj and is a herbaceous plant with broadly ovate 
entire leaves, and lurid-purple axillary flowers on short stalks; the 
berries are violet-black, and the whole of the plant is highly poisonous. 
The juice of the leaves stain paper a purple colour. The seeds are very 
small, kidney-shaped, weighing about 90 to the grain ; they are covered 
closely with small, round projections, and are easily identified by an 
expert, who may be supposed to have at hand (as is most essential) 
samples of different poisonous seeds for comparison. The nightshade 
owes its poisonous properties to atropine. 

The yield of the different parts of belladonna, according to Gunther,* 
is as follows :f 

Atropine appears to exist in the plant in combination with malic 
acid. According to a research by Ladenburg, hyoscyamine is associated 
with atropine, both in the Belladonna and Datura pi ants. | 

The Datura Stramonium or Thorn- Apple is also indigenous in the 
British Islands, but like belladonna, it cannot be considered a common 
plant. Datura belongs to the Solanaceae ; it grows from one to two feet 

♦ Pharm. Zeitschr.f. Rued., Feb., 1869. Dragendorff, " Die Chemieche Werth- 
heMtimmung einiger Starkunrkenden Droguen,'* St PeterBburg, 1874. 

t See table XV., p. 886. 

X Ber. d. DeiuUch, Chem. Oea., Bd. 18. 

336 



336 



POISONS: THEIB EFFECTS AJiTD DETECTIOK. 



TABLE XV.— BELLADONNA— ALKALOIDAL CONTENT OF 

VARIOUS PARTS OF THE PLANT. 





Qaantlty of Alkaloids In the 
Fresh sabstanoe, per cent. 


Qnantity of Alkaloids in the 
Dry Sabttanoe, per oent. 


(o.)By 
Weighing. 


(&.) By 
Titratioxi. 


(a.) By 
Weighing. 


Titration. 


Leaves, 
Stalk, 

Ripe fruit, • 
Seed, 

Unripe fruit, 
Boot, 


0-2022 

0-0422 

0-2128 

0-26«76 

0-1870 

0-07©2 


0-20072 

• • • • 
0-20258 

• • « • 
0-1980 

« « • • 


0-888 
0-148 
0-821 
0-407 
0-955 
0-210 


0-828 

• ■ • • 

0-805 

« • • • 
0-955 

• • ■ « 



in height, and is found in waste places. The leaves are smooth^ the 
flowers white ; the fruit is densely spinous (hence the name thorn-apple)^ 
and is divided into four dissepiments below^ two at the top^ and contain- 
ing many seeds. 

The Datura, or the i>Aa/t^ra-plants, of India^ have in that country a 
great toxicological significance^ the white-flowered datura, or Datura 
alba, growing plentifully in waste places, especially about Madras. The 
purple-coloured variety, or Datura fastuosa, is also common in certain 
parts. There is a third variety, the Datura atrox, found about the coast 
of Malabar. The seeds of the white datura have been mistaken in India 
for those of capsicum. The following are some of the most marked dif- 
ferences : — 



Seeds of the Commok ob White 

Datura. 

(1.) Outline angular. 

(2.) Attached to the placenta by 
a large, white, fleshy mass separa- 
ting easily, leaving a deep furrow 
along half the length of the seed^s 
concave border. 

(3.) Surface scabrous, almost 
reticulate, except on the two com- 
pressed sides, where it has become 



Seeds of Capsiciim. 

Outline rounded. 

Attached to the placenta by a 
cord from a prominence on the con- 
cave border of the seed. 



Uniformly scabrous, the sides 
being equally rough with the bor- 
ders. 
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almost glaucous from pressure of 
the neighbouring seeds. 

(4.) Convex border thick and Convex border thickened^ but 
bulged, w i t h a longitudinal de- uniformly rounded, 
pression between the bulgings^ 
caused by the compression of the 
two sides. 

(5.) A suitable section shows the The embryo, exposed by a suit- 
embryo curved and twisted in the able section, is seen to resemble 
fleshy albumen. in outline very closely the figure 6. 

(6. ) The taste of the datura seeds The taste of capsicum is pun- 
is very feebly bitter. The watery gent ; a decoction irritates the eye 
decoction causes dilatation of the much^ but does not cause dilata- 
pupil. tion of the pupil. 

The identity of the active principle in both the datura and belladonna 
tribes is now completely established. * 

Pkan)iaceutical Preparations — {a.) Belladonna. — The various phar- 
maceutical preparations are : — The leaves, root, extract of the leaves, an 
ointment and a plaster made with the extract, a tincture of the leaves, 
a liniment (which is practically a tincture of the root, flavoured with 
camphor), atropine itself, a weak alcoholic solution of atropine (83 per 
cent.), an ointment of atropine (1*66 percent.), the sulphate of atropine, 
and, lastly, a solution of sulphate of atropine ('83 per cent.) 

(J.) Straynonium. — An extract of the seeds is officinal in Britain, 
On the Continent there is an Extractum cum dextrino. In the former 
1*621 to 1*88 per cent, of atropine has been found ; in the latter -9 per 
cent. The alkaloidal content of the seeds varies extremely ; hence, ex- 
tracts of the seeds must likewise vary. The B.P. Tincture of Stramo- 
nium is made by exhausting 2^ oz. of stramonium seeds by 20 fl. ozs. of 
proof spirit. Stahl found in Tincture of Stramonium -066 per cent. ; 
Mayer, '063 per cent., of atropine. (Dragendorff,) 

It would appear that most of the pharmaceutical preparations can be 
titrated by adding Mayer's reagent (diluted one-half) to an acid aque- 
ous solution of the active principle, each cc. being equal to 6*25 mgrms. 
of atropine, when a solution of the approxiuiate strength of 1 : 500 is op- 
erated upon. Or the alkaloid may be precipitated by the undiluted 
Mayer's reagent, the precipitate collected on a filter, washed with water, 
and dissolved in alcohol of 90 to 95 per cent. The alcoholic solution is 

* See a recent research by Emst Schmidt, Ueher die Alkcdoide der BeUadon' 
norWwrtd u. des SteehapfO-Samens. lAeb. Annl,, Bd. 208, 1881. 
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then eruporated and the residue weighed ; it contains 44'9 per cent, of 
Atropine. * 

Properties of Atropine. — Atropine (Ci7lIuN0,) iorms coIourleBs 
. crystals (mostly in groups or tufts of needles uud prisms), which tti'e 
heavier than water, and possess no smell, but aa uupleasuut, long-eudur- 
ing, bitter taste. Tlie experiments of E. Schmidt pl^e the melting 
point between 115° and 115-5°. It is said to sublime scautilj in a crys- 
talline form, but the writer has been unable to obtain any crystals by 
sublimation ; faint mists collect on the upper disc, at about 133°, but 
they are perfectly amorphous. 

Its reaction is alkaline ; one part requires, of cold water, 300 ; of 
■boiling, 58 ; of ether, 3U ; of benzene, 40 ; and of chloroform, 3 parts for 
Bolniion. In alcohol and amyl alcohol it dissolves in almost every pro- 
portion. It turns the plane of polarisation weakly to the left. 

Atropine mised with nitric acid eiliibits no change of colour. The 
Bome is the case with concentrated sulphuric acid in the cold ; but on 
heating, there ensues the common browning, with development of a pe- 
culiar odour, likened by Qulielmo to orange flowers, to DrageudorfE to the 
flowers of the Prunus padus, and by Otto to the Spiraa uliitaria — a suffi- 
cient evidence of the nntrustworthiness of this as a distinctive test. The 
odour, indeed, with small quantities, is certainly not powerful, nor is it 
strongly suggestive of any of the plants mentioned. A far more intense 
odour is given off if a speck of atropine is evaporated to dryness with a few 
drops of strong solution of baryta, and heated strongly ; the scent is de- 
cidedly analogous to that of hawthorn-blossom, and unmistakably agree- 
able. 

By the action of fuming hydrochloric acid, or that of caustic alka^ 
lies, atropine is decomposed into tropine (C,HisNO) and tropic acid 
(C,H,„Os)t Tropine is a white crystalline, strongly alkaline mass, melt- 
ing at 60°, and volatilising at 230° undecomposed. It is soluble in water, 
alcohol and ether, and gives precipitates with tannic acid, iodised hydriodic 
acid, Mayer's reagent, gold chloride, and mercuric chloride. Tropine gold 
chloride melts at 210° to 212°. Atropic acid (0,H,0,), melting point 198° 
to 300°, and isatropic acid (C^,0,), may also be obtained by the action 
of hydrochloric acid — the first in radiating crystals, melting at 10C°, and 
capable of distillation ; the second, in thin rhombic plates, melting about 
200°, and not volatile. Carbazotic acid also gives a precipitate of beau- 
tiful plates. To obtain this the carbazotic acid must be in excess, and 
time must be given for the precipitate to form. 

A solution of iodine in potassic iodide gives a precipitate in a dilution of 
even 1 :10000. Theprecipitato which atropine gives with chloride of gold 
"DragendorfE. Op- cit. 
fThe reaction may be represented thus— C„H„NCM-.H,0=CiB. JJO+C.H„0,. 
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is in the form of rosettes, or needles ; its composition is CnHaNO,HCl+ 
AuCl, ; melting point, 136** to 138°. On heating it in water, the crystals 
change to oily masses. If platinum chloride is added to atropine, there 
is no immediate precipitate, but, after long standing, monoclinic crystals 
of a platinum compound form : they have the composition (CnHnNOj^H 

CU+PtCV* 

Such are the chief chemical characteristics of the pure substance, 
but the analyst separates minute quantities of atropine from the tissuea 
of the body in an amorphous form, and he will find it difl&cult to obtain 
any crystalline compound whatever. 

Tests. — According to Vidali, if atropine, or one of its salts, is cov- 
ered with a little fuming nitric acid, dried up on the water-bath, and 
when cold moistened with a drop of potassa dissolved in absolute alcohol, 
a violet colour is instantly produced, and soon passes into a fine red. 
Only the violet colour is characteristic, as strychnine also gives a beauti- 
ful red colour if similarly treated. According to the author, 0000001 
grm. of atropine sulphate can thus be detected. None of the other im- 
portant alkaloids give a similar reaction. 

The most reliable test is the physiological action on the pupil of the 
eye, a solution of atropine, even when so weak as 1 : 130000, dilating the 
iris. This action on the iris has been studied by Ruyter,t Bonders, and 
Von Graefe.J It is entirely a local action, taking its effect when in dilute 
solution, only on the eye to which it has been applied ; and it has been 
produced on the eyes of frogs, not only in the living subject, but after 
the head has been severed from the body and deprived of brain. The 
thinner the cornea the quicker the dilatation ; therefore, the younger the 
person or animal, the more suitable for experiment. In frogs, with a 
solution of 1 : 250, dilatation commences in about five minutes ; in 
pigeons, seven minutes ; and in rabbits, ten minutes. In man, a solution 
of 1 : 120 commences to act in about six to seven minutes, reaches its 
highest point in from ten to fifteen minutes, and persists more or less for 
six or eight days. A solution of 1 : 480 acts first in fifteen to twenty 
minutes, and reaches its greatest point in twenty minutes ; a solution of 
1 : 48000 requires from three-quarters of an hour to an hour to show its 
effect. Dogs and cats are far more sensible to its influence than man, 
and therefore more suitable for experiment. If the expert chooses, he 
may essay the proof upon himself, controlling the dilatation by Calabar 

* Careful measurements of the angles of the crystals of the platinum com- 
pound are to be found in Schmidt's paper. — Op, cit. 

t De Aetione Atropoe BeOadonnoR in Iridem, TraJ, ad Rlien., 1852. 

t Von Graefe. Arch. Opthal, ix., 262, 1864. 
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bean ; bnt it is seldom necessary or advisable to make personal trials of 
this natare. * 

Siaiistics of Atropine Poisoning. — Since atropine is the active 
principle of belladonna and datura plants^ and every portion of these — 
root, seedS; leaves, and fruit — has caused toxic symptoms, poisoning by 
any part of these plants, or by their pharmaceutical or other pre])ara- 
tions, may be considered with strict propriety as atropine poisoning. 
Our English death statistics for the five years ending 1880, record 37 
deaths (23 males and 14 females) from atropine (for the most part 
registered under the head of belladonna); 8 (or 21*6 per cent.) were 
suicidal, the rest accidental. 

The greatest number of the accidental cases arise from mistakes in 
pharmacy ; thus, belladonna leaves have been supplied for ash leaves ; 
the extract of belladonna has been given instead of extract of janiper ; 
the alkaloid itself has been dispensed in mistake for theine : t a more 
curious and marvellously stupid mistake is one in which it was dispen8ed 
instead of assafoetida (Schauenstein, Op. cit, p. 652). Further, vale- 
rianate of atropine has been accidentally substituted for quinine valeria- 
nate, and Schauenstein relates a case in which atropine sulphate was 
administered subcutaneously instead of morphine sulphate ; but the 
result was not lethal. Many other instances might be cited. The ex- 
tended use of atropine as an external application to the eye naturally 
gives rise to a few direct and indirect accidents. Serious symptoms have 
arisen from the solution reaching the pharynx through the lachrvmal 
duct and nose. A curious indirect poisoning, caused by the use of 
atropine as a coUyrium, is related by Schauenstein. J A person suffered 
from all the symptoms of atropine poisoning ; but the channel by which 
it had obtained access to the system was a great mystery, until it was 
traced to some coffee, and it was then found that the cook had strained 
this coffee through a certain piece of linen, which had been used months 
before, soaked in atropine solution, as a coUyrium, and had been cast 
aside as of no value. 

Accidental and Criminal Poisoning by Atropine. — External appli- 
cations of atropine are rapidly absorbed — e.g., if the foot of a rat be 

*A. Ladenburg (Compt. Bend., 90, 92), having succeeded in reprodacing atro- 
pine by heating tropine and tropic acid with hydrochloric acid, by substituting 
various organic acids for the tropic acid, has obtained a whole series of compounds 
to which he has given the name of tropeines. One of these, hydroxytolnol (amyg- 
dalic) tropeine, he has named homatropine. It dilates the pupil, but is less poison- 
ous than atropine. 

t Hohl, De Efectu Atrcpini. Diss, HaUe, 1868. 

t Maschka*8 Handbuch. 
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steeped for a litUe while in a solution of the alkaloid^ and the eyes 
watched^ dilatation of the pupils will soon be observed. If the skin is 
broken^ enough may be absorbed to cause death. A case is on record 
in which *21 grm. of atropine sulphate^ applied as an ointment to the 
abraded skin^ was fatal.* Atropine has also been absorbed from the 
bowel; in one case, a clyster containing the active principles of 6*2 
grms. (80 grains) of belladonna root was administered to a woman 
twenty-seven years of age, and caused death. Allowing the root to 
have been carefully dried, and to contain '21 per cent, of alkaloid, it 
would seem that so little as 10*9 mgrms. ('16 grain) may even prove 
fatal, if left in contact with the iutestinal mucous membrane. Bella- 
donna berries and stramonium leaves and seeds are eaten occasionally by 
children. A remarkable series of poisonings by belladonna berries oc- 
curred in London during the autumn of 1846. 

Criminal poisoning by atropine in any form is of excessive rarity 
in Europe and America, but in India it has been frightfully prevalent. 
In all the Asiatic cases the substance used has been one of the various 
species of datura, and mostly the bruised or ground seeds, or a decoction 
of the seeds. In 120 cases recorded in papers and works on Indian 
toxicology, I find no less than 63 per cent, of the cases criminal, 19 per 
cent, suicidal, and 18 per cent, accidental. In noting these figures, 
however, it must be borne in mind that known criminal cases are more 
certain to be recorded than any other cases. The drug has been knoAvn 
under the Sanscrit name of dhatoora by the Hindoos from most remote 
times. It was largely used by the Thugs, either for the purpose of 
stupifying their victim or for killing him ; by loose wives to ensure for 
a time the fatuity of their husbands ; and, lastly, it seems in Indian 
history to have played the peculiar r6le of a state agent, and to have been 
used to induce the idiocy or insanity of persons of high rank, whose 
mental integrity was considered dangerous by the despot in power. 
The Hindoos, by centuries of practice, have attained such dexterity in 
the use of the ^^ datura '* as to raise that kind of poisoning to an art, so 
that Dr. Chevers, in his " Medical Jurisprudence for India,'* f declares 
that " there appears to be no drug known in the present day which 
represents in its effects so close an approach to the system of slow poi- 
soning, believed by many to have been practised in the Middle Ages, as 
does the datura/' 

Fatal Dose. — It is impossible to state with precision the exact quan- 
tity which may cause death, atropine being one of those substances 

♦ Ploas, ZeiUchr. f. Chir., 1863. 

t Dr. Chevers' work contains a very good history of datura criminal poi- 
soning. 
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whose effect, varying in different cases, seems to depend on special con« 
stitutional tendencies or idiosyncracies of the individual. Some persona, 
take a comparatively large amount with impunity, while others scarcely 
bear a very moderate dose without exhibiting unpleasant symptoms. 
Eight mgrms. (^ grain) have been known to produce poisonous symp- 
toms, and "129 grm. (2 grains) death. We may therefore infer that 
about 0648 grm. (1 grain) would, unchecked by remedies, probably act 
fatally ; but very large doses have been recovered from, especially when 
treatment has been prompt. 

Atropine is used in veterinary practice, from 32*4 to 64*5 mgrms. 
(>^ to 1 grain) and more being administered subcutaneously to horses; 
but the extent to which this may be done with safety is not yet estab- 
hshed. 

Action on Animals. — The action of atropine has been studied ou 
certain beetles, on reptiles (such as the salamander, triton, frogs, and 
others), on guinea pigs, hedgehogs, rats, rabbits, fowls, pigeons, dogs, 
and cats. Among the mammalia there is no essential difference in the 
symptoms, but great variation in the relative sensibility ; man seems the 
most sensitive of all, next to man come the camivora, while the herbivom, 
and especially the rodents, offer a considerable resistance. According to 
Falck the lethal dose for a rabbit is at least 79 mgrm. per kilo. It is the 
general opinion that rabbits may eat sufficient of the belladonna plant ta 
render their flesh poisonous, and yet the animals themselves may show no 
disturbance in health ; but this must not be considered adequately estab- 
lished. Speaking very generally, the higher the animal organization, the 
greater the sensibility to atropine. Frogs are affected in a peculiar man- 
ner. According to the researches of Fraser,* the animal is first paralysed, 
and some hours after the administration of the poison lies motionless, 
the only signs of life being the existence of a slight movement of the 
heart and muscular irritability. After a period of from forty-eight to 
seventy-two hours, the fore limbs are seized with tetanic spasms, which 
develop into a strychnine-like tetanus. 

Action on Man, — When atropine is injected subcutaneously, the 
symptoms, as is usually the case with drugs administered in this manner, 
may come on immediately, the pupil not unfrequently dilating almost 
before the injection is finished. This is in no way surprising ; but there 
are instances in which decoctions of datura seeds have been administered 
by the stomach, and the commencement of symptoms has been as rapid 
as in poisoning by oxalic or even prussic acid. In a case tried in India, 
in July, 1852, the prosecutor declared that while a person was handing 

♦ Transact, of Edin, Roy. Soc., vol. xxv., p. 449. J(mm. of Ant. and Physiol.^ 
May, 1869, p. 857. 
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him a lota of water^ the prisoner snatched it away on pretence of freeing 
the water from dirt or straws, and then gave it to him. He then drank 
only two mouthfuls, and complaining of the bitter taste, fell down insen- 
sible within forty yards of the spot where he had drunk, and did not re- 
cover his senses until the third day after. In another case, a man was 
struck down so suddenly that his feet were scalded by some hot water which 
he was carrying. (Chevers). 

When the seeds, leaves, or fruit of atropine-holding plants are eaten, 
there is, however, a very appreciable period before the symptoms com- 
mence, and, as in the case of opium poisoning, no very definite rule can 
be laid down, but usually the effects are experienced within half an hour. 
The first sensation is dryness of the mouth and throat ; this continues 
increasing, and may rise to such a degree that the swallowing of liquids 
is an impossibility. The difficulty in swallowing does not seem to be 
entirely dependent on the dry state of the throat, but is also due to 
a spasmodic contraction of the pharyngeal muscles. Tissore* found in 
one case such constriction that he could only introduce emetics 
by passing a catheter of small diameter. The mucous membrane 
is reddened, and the voice hoarse. The inabilitv to swallow, and the 
changed voice, bear some little resemblance to hydrophobia — ^a re- 
semblance heightened to the popular mind by an inclination to 
bite, which seems to have been occasionally observed ; the pupils 
are early dilated, and the dilatation may be marked and extreme ; 
the vision is deranged, letters and figures often appear duplicated ; 
the eyeballs are occasionally remarkably prominent, and generally con- 
gested ; the skin is dry, even very small quantities of atropine arresting 
the cutaneous secretion : in this respect atropine and pilocarpine are per- 
fect examples of antagonism. With the dryness of skin^ in a large per- 
centage of cases, occurs a scarlet rash over most of the body. This is 
generally the case after large doses, but Stadler saw the rash produced on 
a child three months old by "3 mgrm. of atropine sulphate. . It appeared 
three minutes after the dose, lasted five hours, and was reproduced by a 
renewed dose.f The temperature of the body with large doses is raised ; 
with small, somewhat lowered. The pulse is increased in frequency ; 
and is always above 100 — mostly from 115 to 120, or even 150 in the min- 
ute. The breathing is at first a little slowed, and then very rapid. Vom- 
iting is not common ; the sphincters may be paralysed so that the evacu- 
ations are involuntary, and there may be also spasmodic coutractions of 
the urinary bladder. The nervous system is profoundly affected ; in one 
case there were clonic spasms,^ in another, § such muscular rigidity, that 

*Qaz. hebd., 1856. t -Med. Titnts,, 1868. 

t Lancet, voL i., 1881, 414. 
§ Ibid., vol. i., 1876. p. 846. 
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the patient could with difficulty be placed on a chair. The lower extieffl*" 
ItieB are often partly partilysed, there Lb a want of coordination, the per- 
son reela like a drunken man, or there may be general jactitation. The 
(listnrbiuice of the brain functions is very marked ; in about 4 per cent. 
only of the recorded cast's, has there been no delirium or very little — jn 
the majority delirinm is present. In adults this generally takes a garru- 
lous, pleasing form, but every variety has been witnessed. Dr. H. Giraud 
deecribes the delirinm from datura (which it may be necessary to again 
repeat is atropine delirium), as foUowa ; — " He either vociferates loudly or 
is garrnloiiB, and talks incoherently ; sometimes he is mirthful, and laughs 
wildly, or is sad and moans, as if in great distress ; generally he is ob- 
eerved to be very timid, and, when most troublesome and unruly, can 
always be cowed by an angry word, frequently putting up his hands in a 
supplicating posture. When approached he suddenly shrinks back as if 
apprehensive of being struck, and frequently he moves about as if to 
avoid spectra. But the most invariable accompaniment of the final stage 
of delirium, and frequently also that of sopor, ia in the incessant picking 
at real orimaginaryobjects. At one time the patient seizes hold of parts 
of his clothes or bedding, pulls at his fingers and toes, takes up dirt and 
stones from tlie ground, or aa often snatches at imaginary objects in the 
air, on his body or anything near him. Very frequently he ajipeara as if 
amusing himself by drawing out imaginary threads from the ends of hia 
fingers, and occasionally his antics are so varied and ridiculous, that I 
have seen hia near relatives, although apprehensive of danger, unable to 
restrain their laughter." * This active delirium passes into a somnolent 
state with muttering, catching at the bed-clothea, or at floating spectra, 
and in fatal cases the patient dies in this stage. As a rule, the sleep is 
not like opium coma ; there is complete insensibility in both, but in the 
one the sleep is deep, without muttering, in the other, from atropine, it 
is more like the stupor of a fever. The course in fatal cases is rapid, 
death generally taking place within six hours. If a jierson live over 
seven or eight hours, he usually recovers, however serious the symp- 
toms may appear. On waking the patient remembers nothing of his ill- 
ness ; mydriasis remains some time, and there may be abnormality of 
speech and weakness of the limbs, but within four days health is rees- 
tablished. In cases where the seeds have been swallowed, the symptoms 
,may be much prolonged, and they soem to continue until all the seeds 
have been voided — perhaps this is due to the imperfect but continuous 
extraction of atropine by the intestinal juices. 

Chronic poisoning by atropine may, from what hag been stated, be 

• 1q an Engliflh case of belladonna poisoning, the patient, a tailor, sat for four 
hours, moving his hands and arms aa if sewing, aad his lips as if talking, without 
uttering a word. 
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01 great importance in India. It is probable that its continnoaa effect 
would tend to weaken t]ie iutellectj and tliere is no reason for any Incred- 
ulity with regard to itn power as a factor of insanity. Uoasbach Una uscer- 
tained that if dogs are, day after day, dosed with atropine, they become 
emaciated ; but a certain tolerance is established, and the dose has to be 
raised considerably after a time to produce any marked physiological ef- 
fect. 

Physiological Action of Atropine. — From the nnmerouB experiments 
on animals whicli have been performed for the purpose of elucidating the 
action of atropine, it is clear that the terminations of the vagus in the 
heart muscles are first excited, and then paralysed. The escitor-motor 
ganglion is also paralysed, and fiuAlly the heart itself; death resulting 
from heart paralysis. The respiratory disturbance is also to be ascribed -i 
to the Tagus ; the terminations in the lung are paralysed, and, at tho | 
flame time, the poison circulating through the respiratory nervous ceo- J 
tre stimulates it first, and then it also becomes finally paralysed. The small I 
vessels are generally widened after a previous transitory narrowing. Of- 1 
gans containing unstriped muscular fibre are generally paralysed, as well | 
as the end of the nerves regulating secretion — hence the dryness of tho ' 
skin. The action on the iris is not thoroughly elucidated. 

The (iiagnonii of atropine poisoning may be very difficult unless the 
attention of the medical man be excited by some suspicions ciri 
stance. A child suffering from belladonna rash, with hot dry skin, ■ 
quick palse. and reddened fauces, looks not unlike one under an attack I 
of scarlet fever. Further, as before mentioned, some cases are similar J 
to rabies ; and again, the garrulous dehrium and the hallucinations of I 
Sa adult are often very similar to those of delirium tremens, as well sa j 
to mania. 

Post-mortem Appearances. — The post-mortem appearances do not ' 
seem to be very characteristic, save in the fact that the pupils remain | 
dilated. The brain is usually hyperiemic, and in one case the absenca j 
of moisture seems to have been remarkable. The stomach and intoslinea.l 
maybe somewhat irritated if the seeds, leaves, or other parts of the plant I 
have been eaten ; bnt the irritation is not constant if the poisoning hu J 
been by pure atropine, and still less is it likely to be present if atropine J 
hu been administered subcutaneonaly. 

lyeatment. ~T\ta great majority of cases recover under treatment ' 
Inll2 cases collected by F. A. Flack. 13 only were fatal {11-6 per cent.). 
The great«r portion of the deaths in India are those of children and old 
people — jierBons of feeble vitality. The Asiatic treatment, which has 
keen handed down by tradition, is the application of cold water to tho 
feet ; but the method which has found most favour in England is treat- J 
nent by pilocarpine, a fifth of a grain or more being injected from time 1 
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to time. Dr. Sydney Ringer and others have published a remarltaDl 
series of cases showing the efficacy of this treatment, which, of course, 
is to be combined wliere necessary with emetics, the use of the stomach- 
pump, &c.* 

Separation of Atropine from Organic Tissues, <&c. — From the con- 
tents of the stomach, atropine may be separated by acidulating strongly 
with sulphuric acid (15 to 20 cc. of dilute H,SO, to 100 cc), digesting 
for some time at a temperature not exceeding 70°, and then reducing 
any solid matter to a pulp by friction, and liitering, which can generally 
be effected by the aid of a filter-pump, The liver, muHcles,t and coagu- 
lated blood, &c., may also be treated in a precisely similar way. The 
a«id liquid thus obtained, is first, to remove impurities, shaken up with 
amyl alcohol, and after the separation of the latter in the usual manner, 
it is agitated with chloroform, which will take up any of the remaining 
amyl alcohol,J and also serve to purify further. The chloroform is then 
removed by a pipette (or the separating fiask before described), and the 
fluid made alkaline, and shaken up with ether, which, on removal, is 
allowed to evaporate spontaneously. The residue will be found to con- 
tain atropine, if present, and, possibly, sulphate of ammonia. K the 
latter is snapected, the residue should be treated with absolute alcohol, 
in which ammonia sulphate is insoluble. 

From the urine, § atropine may be extracted by acidifying with eul- 
phnric acid, and agitation with the same series of solvents. Atropine 
has been separated from putrid matters long after death, nor does it ap- 
pear to snffer any decomposition by the ordinary analytical operations 
of evaporating solutions to dryness at 100°. In other words, there seems 
to be no necessity for operations in vacuo, in attempts at separating 
atropine. 

8. HYOSCYAMINE. 

This powerful alkaloid is contained in small quantities in datnra 
and belladonna ; but its chief source is the Hyoscyamvs niger and 



i. Lancet, vol. i., 1870. p. 34Q. Refer also t* 
; lb., p. 659. 



" See, for Dr. Rioger'a cat 
Med. Joum.. vol i., IMHl, p. 51 

f Neither amjl alcohol nor chloroform remaves atrapm? from aa acid solu- 

i Atropine goes into the blood, and appears to be present in the differenl 
organs iu direct proportion to the quantity of blood the; contain. DragendorS 
Itaa found in the muscles of rabbits fed upon betladonua sufficient atropine for 
quantitative estimation. 

§ Dragendorf has found atropine in the urine of rabbits fed with belladonna : 
the aeparatioD by the poison is so rapid that it often can onlj be recognised in 
the uritie during tlie first hour after the jwison has been taken 
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Hyoscyamus alba (black and white henbane) : it is also found in the 
Duboisia myoporoides. The latter plant was considered to contain a new 
alkaloid^ *' Duboisine/' but duboisine has not been shown to be in any 
way distinct from hyoscyamine. Ladenburg^s hyoscine accompanies 
hyoscyamine, and is an isomeride of both atropine and hyoscyamine ; 
its chemical reactions are similar to those of hyoscyamine, as well as its 
physiological effects. * 

Hyoscyamine (CnHnNOs), as separated in the course of analysis, is a 
resinoid, sticky, amorphous mass, difficult to dry, and possessing a to- 
bacco-like odour. It can, however, be obtained in well-marked odour- 
less crystals, which melt at 90°, a portion subliming unchanged. Ac- 
cording to Thorey,t hyoscyamine crystallises out of chloroform in rhom- 
bic tables, and out of benzene in fine needles ; but out of ether or amyl 
alcohol it remains amorphous. When perfectly pure, it dissolves with 
difficulty in cold, but more readily in hot, water; if impure, it is hygro- 
scopic, and its solubility is much increased. In any case, it dissolves 
easily in alcohol, ether, chloroform, amyl alcohol, benzene, and dilute 
acids. Hyoscyamine neutralises acids fully, and forms crystallisable 
salts, which assume for the most part the form of needles. It is isomeric 
with atropine. 

Pharfiiaceutical and other Preparations of Henbane. — The leaves are 
alone officinal in the European pharmacopoeias ; but the seeds and the 
root, or the flowers, may be met with occasionally, especially among herba- 
lists. The tablet (p. 348) will give an idea of the alkaloidal content of 
the different parts of the plant. 

In order to ascertain the precentage of the alkaloid in any part of 
the plant, the process followed by Thorey has the merit of simplicity. 
The substance is first exhausted by petroleum ether, which frees it from 
fat ; after drying, it is extracted with 85 per cent, alcohol at a tempera- 
ture not exceeding 40°. The alcoholic extracts are then united, the alco- 
hol distilled off, and the residue filtered. The filtrate is now first puri- 
fied by agitation with petroleum ether, then saturated by ammonia, and 
shaken up with chloroform. The latter, on evaporation, leaves the alka- 
loid only slightly impure, and after washing with distilled water, if dis- 
solved in dilute sulphuric acid, a crystalline sulphate may be readily ob- 
tained. 

» See Ber. der Deutsch. Chem. OeseU,. 18. 1549 to 1554. By boUing hyoscine 
hydro-chloride with animal charcoal, and then precipitating with auric chloride, 
a good crystalline compound « melting at 198°, can be obtained. 

^ Pharm. Zeitschr. f. Rusal.lQ&d 

t This table, taken from DragendorflTs Chemische Werthbestimmung einiger 
Starkwirkenden Droguen, embodies the researches of Thorey. 
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A tincture and an extract of henbane leaves are officinal in most 
pharmacopoeias ; an extract of the seeds in that of France. 

An oil of hyoscyamus is officinal in all the continental pharmacopoe- 
ias ; but not in the British. 

An ointment, made of one part of the extract to nine of simple oint- 
ment^ is officinal in the German. 

The tincture (after distilling oft the spirit) and the extracts (on prop- 
er solution) may be conveniently titrated by Mayer's reagent (p. 234), 
which, for this purpose, should be diluted one-half; each cc. then, accord- 
ing to Dragendorff, equalling 6*98 mgrms. of hyoscyamine. Kruse found 
0*042 per cent, of hyoscyamine in a Russian tincture, and 28 percent, in 
a Russian extract. Any preparation made with extract of henbane will 
be found to contain nitrate of potash, for Attfield has shown the extract to- 
be rich in this substance. The ointment will require extraction of 
the fat by petroleum ether; this accomplished, the determination of its 
strength is easy. 

The oil of hyoscyamus is poisonous, and contains the alkaloid. An 
exact quantitative research is difficult ; but if 20 grms. of the oil are 
shaken up for some time with water acidified by sulphuric acid, the 
fluid separated from the oil, made alkaline, shaken up with chloroform, 
and the latter removed and evaporated, sufficient will be obtained to test 
successfully for the presence of the alkaloid, by its action on the pupil 
of the eye. 

Dose and Effects. — The dose of the uncrystalline hyoscyamine is 6 
mgrms. (JL_ grain), carefully increased. I have seen it extensively used 
in asylums to calm violent or troublesome maniacs. 32 mgrms. (>4 
grain) begin to act within a quarter of an hour ; the face flushes, the 
pupils dilate, there is no excitement, all muscular motion is enfeebled, 
and the patient remains quiet for many hours, the effects from a single 
dose not uncommonly lasting two days. 64* 8 mgrms. (1 grain) would 
Ije a very large, and jjossibly fatal, dose. The absence of delirium or ex- 
citement, with full doses of hyoscyamine, is a striking contrast to the 
action of atropine, in every other respect so closely allied ; yet there are 
cases on record showing that the henbane root itself has an action simi- 
lar to that of belladonna, unless indeed one root has been mistaken for 
another — e.g., Sonnenschein relates the following ancient case of poison- 
ing : — In a certain cloister the monks ate by error the root of henbane. 
In the night they were all taken with hallucinations, so that the pious con- 
vent was like a madhouse. One monk sounded at midnight the matins, 
some who thereupon came into chapel could not read, others read what 
was not in the book, others sang drinking songs — in short, there was the 
greatest disturbance. 

Separation of Hyoscyamine from Organic Matters. — The isolation 
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of the alkaloid from organic tissues or fluids, in ciisea where ii medicinal 
preparation of henbane, or of the leaves, root, &e., has been taken, is 
posaible, and should be carried out on the principles already detailed. 
Hyoscyamitie ia mainly identified by its power of dilating the pupil of 
the eye. It is said that bo small a quantity aa -0083 nigrm. (^S^ grain) 
■will in fifteen minutes dilate the eye of a riibbit. It is true that atropine 
also dilates the pupil ; but if Bufiicient of the substance should have been 
isolated to apply other tests, it can be distingnished from atropine by the 
fact that the latter gives no immediate precipitate with platinic chloride, 
whilst hyoscyamine is precipitated by a smalt quantity of platinic chloride 
and dissolved by a larger amount, 

Hyoscyamine gives precipitates with tincture of ioiiine, chloride of 
gold, and most of the common olkaloidul reagents, but exhibits no pecu- 
liar reaction. The observation of Kletzinsky,* that the action of soda- 
lye changes hyoscyamine into ammonia and santonin might, if correct, 
probably he utilised in identifying the alkaloid. 



3. SOLANINE. 



Solanine is an alkaloid found in all parts of the plants belonging 
the nightshade or solanum order. The common edible potato-plant (S< 
lanum tuberomm), the nightshade (Solanum nigrian), ami the Solanum 
dulcawara, or bitter-sweet, are all common plants in England. The 
amount of solanine in the juice or the berries of the Sulanum nigrum, 
as well aa that of the S. dulcamara, has been estimated at '3 per cent. 
The yield of the leaves of the young potato tubera is said to be about 
■03 per cent., fully mature tubera contain but tracea of solanine. 

Solanine (CuHwNOu) may be obtained when pure in good, colour- 
less, glittering needles, the form of the crystal t>eing that of the right- 
angled prism. The reaction of the cryBtals.ia weakly alkaline ; the taste 
is somewhat bitter and pungent. Solanine is soluble m 8(K)() parts of 
boiling water, 4000 parts of ether, 500 parts of cold, and 135 of boiling 
water. It dissolves well in hot amyl alcohol, but is scarcely soluble in 
benzene. An aqueous solution froths on shaking, but not to the degree 
possessed by saponine solutions. 

The amyl alcohol solution has the property of gelatinising when 
cold. It does this if even so little aa 1 part of aolanine is dissolved In 
20(tO of hot amyl alcohol. The jelly ia so firm that the veasel may be invert- 
ed without any loss. This peculiar property is one of the moat important 
testa for the presence of aolanine. The hot ethylic alcohol solution will, 
on cooling, also gelatinise, but a stronger solution is required. From 
very dilute alcoholic solutions {and especially with slow cooling) aolanine 
• Sehmit. Woekensrhr. FVtarm.. iaB6-B5. 
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may be obtained in crystals. In dilute mineral acids solanine dissolves 
freely^ and forms salts^ which for the most part have an acid reaction 
and are soluble in alcohol and in water, but with difficulty in ether. The 
compounds with the acids are not very stable, and several of them are 
broken up on warming the solution, solanine separating out from the 
aqueous solutions of the solanine salts. The alkaloid may be precipi- 
tated by the fixed and yolatile alkalies, and by the alkaline earths. So- 
lanine will stand boiling with strongly alkaline solutions without decom- 
position ; but dilute acids, on warming, readily split it up into a sugar 
and solanidine : — 

C«H«N0xe+3H,0 = 0»H»N0+30eH«0e. 

Solanine might thus be mistaken for a non-nitrogenous glucoside. 
Solanidine has stronger basic characters than solanine. It melts at 208*^, 
is alkaline in reaction, tastes bitter, is capable of being sublimed without 
decomposition, is soluble in alcohol, in ether, and in benzene, but only 
slightly soluble in water. It forms with mineral acids scarcely crystalli- 
sable salts. By heating solanine in alcoholic solution with ethyl iodide 
in closed tubes, and then treating the liquid with ammonia, ethyl sola- 
nine in well-formed crystals can be obtained. Solanine is precipitated 
by phosphomolybdic acid, but by very few other substances. It gives, 
for example, no precipitate with the following reagents : — Platinic chlo- 
ride, gold chloride, mercuric chloride, potassic bichromate, and picric 
acid. Tannin precipitates it only after a time. Sodic phosphate gives 
a crystalline precipitate of solanine phosphate, if added to a solution 
of solanine sulphate. Botb solanine and solanidine give with nitric 
acid at first a colourless solution, which, on gentle warming, passes 
into blue, then into light-red, and lastly becomes weakly yellow. So- 
lanine, dissolved in strong sulphuric acid, to which a little Frohde's 
reagent is added, at first colours the fluid light-brown ; after standing 
some time the edges of the drop become reddish-yellow, and finally 
the whole a beautiful cherry-red, which gradually passes into dark- 
violet, when violet-coloured fiocks separate. 

Poisoning from Solanine. — Poisoning from solanine has been, in all 
recorded cases, induced, not by the pure alkaloid (which is scarcely met 
with out of the laboratory of the scientific chemist), but by the berries 
of the different species of solanum, and has for the most part been con- 
fined to children. The sjrmptoms in about twenty cases,* which, may be 

• See " Death of three Children by 8. nigrum ;" Hirtz., Oaz. Med, de Strtu. 
bourg, 1842; Maury, Oaz. dee BSp., 1864; J. B. Montane. Chim. Med., 1862; 
Magne, Oaz. dee HSp., 1869 ; Manners, Ed. Med. Joum., 1867. Cases of poisoning 
by bitter sweet berries are recorded in Lancet, 1856 : C. Boiirdin. Oaz, desHSpi- 
tauz,1864 ; Boumeville, the berries of 5. tuheromm, Brit. Med. Joum,, 1859. 
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found detailed in the medical literature of this century, have varied 
greatly that the most opposite phenomena have been witnessed as effeota 
of poisooing by the same stibatance. The most constant phenomena are 
a quick pulse, laboured rcspirattoa, greut restlcsaness, and hyperesthesia 
of the skin. Albumen in the urine is common. Nervous symptoms, 
Buch as convulsioua, aphasia, delirium, and even catalepsy, have been 
witnessed. In aome cases there have been tlie symptoms of an irritant 
poison — diarrhcea, vomiting, and pain in the bowels : iu many cases dil- 
atation of the pupil has been observed. 

Eabbits are killed by doses of ■! grm. per kilo. The symptoms 
commence in about ten minutes after the administration, and consist 
of apathy, and a low temperature ; the breathing is much slowed. Con- 
vulsions set in suddenly before death, and the pupils become dilated. 
' Th.e posl-morlem appearances in animals are intense redness and injection 
of the meninges of the cei'ebellum, of the medulla oblongata, and the 
spinal cord. Dark-red blood is found in the heart, and the kidneys are 
hypermmic. The intestinal mucous membrane is normal. 

Separation of SoUmine frovi the Tissues of the Body. — Dragendorff 
has proved the possibility of separating solauine from animal tissues by 
extracting it from a poisoned pig. The best plan seems to be to extract 
with cold dilute sulphuric acid water, which is then made alkaline by 
ammonia, and shaken up with warm aniyl alcohol. This readily dis- 
solves any solanine. The peculiar property possessed by the alkaloid of 
gelatinising, and the play of colours with Frohde's reagent, may then bo 
essayed on the solanine thus separated. 



4. CYTISINE. 



The laburnum tree, Ci/tinus laburnum, so common in shrubberies, 
is intensely poisonous. The flowers, bark, wood, seeds, and the root have 
all caused very eerioua symptoms. The only active principle hitherto 
discovered is an alkaloid termed Cytisine, which may be extracted from 

I the plant by water acidulated with sulphuric acid, neutralisation with 
lime, subsequent treatment of the filtrate with acetate of lead, and pre- 
cipitation by tannic acid. To obtain the alkaloid pure, it is finally crya- 
talisod as a nitrate. 
Cytisins (C^HnNjO) is in white, radiating crystals, of a bitter, 
weakly caustic taste, and without odour. It has a strong alkaline reac- 
tion, is soluble in every proportion in water, and is also very soluble in 
spirit. It scarcely dissolves in anhydrous ether, chloroform, benzene, 
and bisulphide of carbon. Ii may be sublimed at 154'5° in hydrogen, 
in the form of very long needles and small leaflets ; at higher tempera- 



4 



pent 



cmsiNB. 353 

tares it melts to a yellow oily fluid, again becoming crystalline on cool- 
ing. Cytisine is one of the strongest bases existing in plants ; it precipi- 
tates the earths and oxides of the heavy metals from solutions of the 
chlorides, and even in the cold expels ammonia from its combinations. 

The nitrate of cytisine (0»H„N80,2NH08-f2H,0) forms large, 
thick, transparent monoclinic prisms, losing the water of crystallisation 
at 100*^ to 110'', and becoming opaque : it has an acid reaction. It is 
insoluble in ether, and almost so in absolute alcohol ; but soluble in 
water and weak spirit. The rest of the salts are easily decomposed. A 
hydrochlorate (CjaHf7N80,4HCl-j-3HjO), a platinum salt of an orange- 
yellow colour (C»Ht7N802HCl,2PtCl,), a gold salt, at first yellow or floc- 
culent, but later changing into needles (C«H|rN8 0,2HC1,2AuC18), a mer- 
cury salt (C»H»N80,4HgCl), and many others, can be obtained. 

Concentrated sulphuric acid dissolves cytisine without colour ; if to 
the solution is added a drop of nitric acid, ih becomes orange-yellow, and 
on addition of a crystal of potassic bichromate, first yellow, then dirty 
brown, and lastly green. Concentrated nitric acid dissolves the base in 
the cold without colour, but, on warming, it becomes orange-yellow. 
Picric, tannic, and phosphomolybdic acids, potassic, mercuric, and 
potass, cadmium iodides, and iodine with potassic iodide, all give precip- 
itates. Neither potassic bichromate nor mercuric chloride precipitates 
cytisine, even though the solution be concentrated. 

Effects Ofi^ Animah. — W. Marmg found subcutaneous doses of from 
30 to 40 mgrms. fatal to cats ; death was from paralysis of the respira- 
tion, and could be avoided by artificial respiration. Cattle are some- 
times accidentally poisoned by laburnum. An instance of this is recorded 
in the Veterinarian, (vol. Iv., p. 92). In Lanark a storm had blown a 
large laburnum tree down to the ground ; it fell into a field in which 
some young heifers were grazing, and they began to feed on the leaves 
and pods. Two or three died, and three more were ill for some time, but 
ultimately recovered. 

The laburnum, however, does not always have this effect, for there 
is a case related in the Oardener*s Chronicle, in which five cows browsed 
for some time on the branches and pods of an old laburnum tree that had 
been thrown aside. Rabbits and hares are said to feed eagerly, and with- 
out injury, on the pods and branches. 

Effects on Man, — The sweet taste of many portions of the laburnum 
tree, as well as its attractive appearance, has been the cause of many ac- 
cidents. F. A. Falck has been able to collect from medical literature no 
less than 155 cases — 120 of which were those of the accidental poisoning 
of children : only 4 (or 2*6 per cent.) however, died, so that the poison is 
not of a very deadly character. 
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One of the earliest recorded eases is by Cliristison.* A servantf! 
of Inverness, in onler to excite vomiting in Iilt feilow-servaut (ihe cooli}, 
boiled soDie laburnam bai'k in soup ; very soon after partaking of thi* 
eonp, the cook experienced violent vomiting, which lasted for thirty-six 
hours ; she hi«l intense pain iu the stomach, much diarrhcea, and great 
muscnlar weakness ; slie appears to have suffered from g astro-intestinal 
catarrh for some time but ultimately recovered. 

Vallaucef has deticribed the symptoms ob8er\'ed in tlie poisoning of 
S8 boys, who ate the root of an old laburnum tree, being allured by ita 
Bweet taate. All were taken ill with similar symptoms, differing only in 
severity ; two who had eaten half an ounce (nearly 8 grms.) suffered with 
especial severity. The symptoms were first vomiting, then narcosis, with 
convulsive movements of the legs and strange movements of the arms: the 
pupils wore dilated. This dilatation of the pupil Sedgwick also saw in 
the poisoning of two children who ate the root. On the other hand, 
■when, the flower, seeds, or other portions of the laburnum have been 
eaten, the symptoms are mainly referable to the gastro- intestinal tract, 
consisting of acute pain in the stomach, vomiting, and diarrhcea. On 
these grounds, it is therefore more than probable that there is another 
active principle in the root, differing from that which is in those portions 
of the tree exposed to the influence of sunlight.! 

Thti posi-mortem appearances are, as far oe known, in no way charac- 
teristic. 



Vn.— THE ALKALOIDS OF THE VERATRUMS. 

The alkaloids of the veratrums have been recently investigated by 
Dr. Alder Wright and Mr. A. P. Luff.§ From their researches it appears 
that both the Vtrairutn virifU and the Verafrnm album contain several 
distinct alkaloids, some of which are crystalline, others amorphous, and 
■ two only of which are sternutatory. The proportions of the different 
alkaloids in the V. album andF. vtride is given as about the following 
per kilo, of roots : — 

• m. Med. Jovm.. 1843. 

^Brit. Med. Journ.. 1875. 

f See aleo a case related hy Dr. Popham, in which ten children at« Ubnrnnai 
seeds; the pupils were dilated. They all recovered. B. and F. Med. Chlr. Hevirw, 
Ap,, 1888; also a case reported by H. Usher, MwJ, Timf, and Oazclte, Sep. 15, 1863. 

§"The Alkftloidsof the Veratrums," by C. R. Alder WriRht, D. Sc.andA. P. 
Luff, Joiim. Chem.Soc., July, 1879. "The Alkaloids of Veratrrtm Viride." by C 
R. Alder Wright. D, 8c., Tb.. 1879. 
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TABLE XVII.— ALKALOIDS IN THE VERATRTJMS. 











V. Album. 


V. Vlride. 


1 Jervine, 


1-8 grm. 


*2 grm. 


Pseudo-jervine. . . 


•4 „ 


•15 „ 


Rubi-jervine, . . . 


.25 „ 


•02 ., 


Veratralbine, . . . 


2-2 „ 


Traces. 


Veratrine, .... 


•05 „ 


Less than *004 grm. 


CeTadine, . . , . 


Absent. 


*43gnn. 



Jervine (C„Hs7NO3,2H,0), when anhydrous, melts at 237° to 239° : 
it forms a very insoluble sulphate and sparingly soluble nitrate and 
hydrochloride. Treated with strong sulphuric acid it dissolves to a- 
yellow fluid, which becomes successively dark-yellow, brownish-yellow, 
and then greenish. After standing a little time a green tint is devel-^ 
oped, afterwards becoming dark-green. The green shade is immediately 
developed by diluting with water. 

PseudO' jervine (C^H^sNOy) crystallises anhydrous, and melts at 
299°, forming a crystalline sulphate and hydrochloride ; it gives the^ 
same play of colours as jervine, and has no sternutatory properties. 

Rubi-jervine (CngHisNOg) is a crystallisable base wholly different 
from jervine, yet probably closely allied to it. It forms a light yellow, 
indistinctly crystalline gold salt (C,eH48NOt,HCl,AuCl3) : it gives a dif- 
ferent play of colours from jervine with sulphuric acid. The concen- 
trated acid dissolves rubi-jervine to a clear yellow fluid, becoming 
successively dark-yellow, brownish-yellow, and brownish blood-red, 
changing after several hours to a brownish-purple. On diluting slightly 
with water the brownish-red liquid, it becomes successively crimson, 
purple, dark-lavender, dark-violet, and ultimately light-indigo. Its 
hydrochloride and sulphate are both more soluble than either of the cor- 
responding salts of jervine or pseudo- jervine. 

Veratralbine (CjgHisNOj), an amorphous non-sternutatory base, 
gives, when a speck of the substance is dissolved in sulphuric acid, a 
play of colours, becoming successively yellow, dark-yellow, brownish- 
orange, and brownish blood-red with a strong green fluorescence. It 
yields no acid on saponification. 

Veratrine (CsjHjsNOn) is a crystallisable alkaloid, which is a power- 
ful irritant of the sensory nerves of the mucous membrane, and excites 
violent sneezing. Treated with concentrated sulphuric acid, it dissolves 
with a yellow colour, deepening into orange, then into blood-red, and 
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^^H finally passing into cii7mine-red. If the freshly-prepared sulphuric acid 
^^H solution is now treated with bromine water, a beuutiful purple colour is 
^^H produced. Concentrated hydrochloric acid dissolves veratrine without 
^^H the production of colour, but, with careful warming, it becomes beauti- 
^^H fully red. This reaction is very delicate, occurring with '17 mgrm, 
^^H On Eupouification veratrine yields veratric acid. 

^^H Cevadine, Cj,H„NO, (Merck's veratrine), — It hae powerful stemu- 

^^H tatory properties, and, under the influence of saponifying agencies, 
^^H yields cevadic, methyl crotonic, or tiglic acids. It is crystalline, and has 
^^H a melting point of from ^05° to 206°. 

^^H The method which Dr. Wright adopted to extract and separate 

^^H these alkaloids from the root of V. album and V. viride, essentially con- 
^^H eisted in exhausting with alcohol, to which a little tartaric acid had been 
^^H added, filtering, distilling off the alcohol, dissolving the residue in 
^^M water, alkalising with caustic soda, and shaking up with ether. The 
^^^ ethereal solution was next separated, and then washed with water con- 
^^H taining tartaric acid, so as to obtain a solution of the bases as tartrates : 
^^H in this way the same ether could be used over and over again. Ulti- 
^^M mately a rough separation waa made by means of the different solubili- 
^^H ties in ether, pseudo-jervine being scarcely soluble in this medium, 
^^B whilst jervine, veratralbine, veratrine, and cevadine are very soluble 
^^H in 

^^H Commercial Veratrine has hitherto consisted of a mixture of alka- 

^^M loids, and is, indeed, neither prepared from V. album nor F. viride,bat 

^^P from the seeds of Sabadilla officinalis.* As met with in commerce it is 

a white semi-crystalline powder without smell, but of a bitter taste, and 

alkaline reaction ; the smallest portion applied to the nasal mucous 

membrane causes sneezing. It is scarcely soluble in water, dissolves 

I easily in alcohol, chloroform, and ether and amyl alcohol ; it is some- 
what insoluble in petroleum ether. It dissolves in acid holding water, 
and is precipitated by alkalies. The precipitate becomes gi-adually 
crystalline, and is soluble in excess of potash. Commercial veratrine 
gives the reaction with hydrochloric acid, as well as that with sulphuric 
acid and afterwards bromine. 
Pharmaceutical Preparations. — The alkaloid is officinal in the English, 
American, and Continental pharmacopceias. There is also anungnentvm 
wra/r I £8— strength about 1 -6 per cent. In the London pharmacopoeia of 
1851 there used to be a wine of white helk-bore, the active principle of SO 
parts of the root by weight being contained in 100 parts by measure of the 
wine. Using Dr. Wright's results, such a wine would contain about "084 per 
cent, of total alkaloids. Of the green hellebore tliere is a tincture {lino- 



• Tlie Alkaloiii of the Sabadilla Steels are (1) Veratrine, (S) Cevadine. and (8) 
iraall quantity only, Cevadilline (('„HtiSO,) 
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^wra veralrum viride), to make which four parta by weight of the root are I 
exhausted by ao parts by measure of spirits ; the probable strength is '016 I 
per ceut. of total alkaloids. I 

Fatal Dose. — The maximum dose of the commercial alkaloid ia laid ' 
down as 10 mgrme. ("15 grain), which can be taken safely in a single 
dose, but nothing sufficiently detiuiti^ is known as to what is a lethal dose 
1-3 grm. of thepowdered rhizome has caused death, and on the other hand, 
ten times that quantity has been taken with impunity, so that at present j 
it is quite an open question. I 

Effects on Animate — Fht/siological Action. — Experiments on ani- I 
mals have proved that the Yeratrums act on the sensory nerves of the J 
skin, and those of the mucous membranes of the nose and intestinal canal; I 
they are first excited, afterwards paralysed. It exercises a peculiar influ- I 
ence on voluntary muscle; the contractility is changed, so that when ex- I 
cited, there is a long-continuing contraction, and from a single stimulus j 
more heat is disengaged than with healthy muscle ; the motor nerves are 1 
also affected. The respiration, at first quickened, is then slowed, and j 
finally paralysed. The heart's action is also first quickened, the blood- I 
pressure at the same time is raised, aud the small arteries narrowed in | 
calibre ; later follow sinking of the pressure, slowing of the heart, and I 
dilatation of the vessels, and the heart becomes finally paralysed. I 

Effects on Maji. — Poisoning by veratrum, sabadilla, or pharmaceuti- 
cal preparations containing veratrine, is not common. Plenk witnessed 
a case in which the external application of sabadilla powder to the head 
caused delirium, and Lcntln also relates a case in which an infant at the 
breaat seems to have died from an external application made for the pur- 
pose of destroying lice. In both instances, however, there is a possibility 
that some of the medicament was swallowed. 

Bias recorded, in 1861, the case of two children who drank adecoction 
of white hellebore, the liquid being intended as an external application to 
an animal. Thoy showed serious symptoms, but ultimately recovered. 

A scientific chemist took 3-8 grms. (58 grains) of the tincture of 
green hellebore for the purpose of experiment. There followed violent 
symptoms of gastric irritation, vomiting, and diarrhtsa, but he also re- 
covered, * 

Casper relates the poisoning of a whole family by veratrum ; from I 
the stomach of the mother (who died) and the remains of the repast (a- \ 
porridge of lentils) veratrine was separated. 

Faberf recorded the poisoning of thirty cows by veratrum; eight ' 

- Mid. Times and Gazette. Jan. 8, 1808. 
iZeiiiKhr.f. SlaatsannHt. 1863. 
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died, and it is noteworthy that violent poiaouous symptoms were prodncod 
in uuiinds piirtaliing of tlieir flesh uiid milk. 

The symptoms appear soon after the iugealion, aiid cousiat of a feel- 
ing of burning in the month, spreading dowiiwarde to the stomach, in- 
creased secTetion of sahva, and difficulty of swallowing; then foUow vio. 
lent vomiting and diairhma, with great pain in the bowels, often tenes- 
mas ; there is also heiidache, giddiness, a feeling of anxiety, and the 
pupils are dilated. The uonsciousnesa is ordinarily intact; the pulse ia 
weak and slow, and the breathing embarrassed; the skin is benumbed. 
There may be also formicating feelings, and twitchings in the muscles, 
with oGcasionaiiy the tetanic cramps, which are conatautly seen in frogs. 
In cases which end fatally, the disturbance of the breathing and circula- 
tion increases, and death takes place in collapse. 

An important case of slow poisoning is on record,* in which two 
brothers, aged twonty-ono and twenty-two years, died after nine and 
eleven weeks ot illness, evidently from repeated small doses of the pow- 
der of Veratruin album. They became very weak and thin, suffered 
from diarrhoea and bloody stools, aleeplessnesa, disturbance of the intel- 
lect, and delirium. 

The ^osi-moriflffi signs do not appear distinctive; even in the case 
just mentioned — in which one would expect to find, at all events, 
an extensive catarrh of the intestinal canal — the results seems to have 
been negative. 

Separation from Organic Matters. — The method of Stas (by which 
the organic mutters, whether the contents of the stomach or the tissues, 
are treated with alcohol, weakly acidified by tartaric acid) is to be rec- 
ommended. After filtering, the alcoholic extract may be freed from 
alcohol hy careful distillation, and the extract taken up with water. By 
now acidifying gently the watery extract, and shaking it np with ether 
and chloroform, fatty matters, resinous substances, and other impurities, 
are removed, and it may then be alkalised by soda or potash, and 
the veratrine extracted by ether. The residue should be identified by 
the hydrochloric acid and by the sulphuric acid and bromine reactions ; 
care should also bo taken to ascertain whether it excites sneezing. 
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The ordeal bean of CaXahtiT {Fht/sosiigma/aba) is a large, all but taste- 
less kidney-shaped bean, about an inch in length and half an inch thick; 
its convex edge has a furrow with elevated ridges, and is pierced by a 



• Nivet and QeraudpOa*. Hebdom, I 
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^mall hole at one extremity. The integmnents are coffee-brown in col- 1 
ottr, thin, hard, and brittle ; they encloao two white cotyledoua, easily ■ 
pulverisable, and weighing on ao average 3 '98 gnna. (Gl grains). The seed I 
contains at least one alkaloid, termed Physostigmine (first separated in ■ 
1864 by .Jobst and Hesse) and poasibly a second, according to Ilaruach I 
aLd Witkowsky, who have discovered in asBociation with physostigmine 'I 
a now alkaloid, which they call Calabarim. and which differs from phy. 1 
sostigmine in being insoluble in ether and sohible in water. It is also I 
soluble in alcohol ; and further, the precipitate produced by potassiuni I 
iodohydrargyrate in calabarine solutions is insoluble in alcohol. ' 

Physosiigmim, or Eacrine. is not eaaily obtuiued in a crj'stalline 
state, being most frequently extracted as a colourless varnish, drj-ing into 
brittle masses. It is, however, quite possible to obtain it in the form ol 
partially-crystalline crusts, or even rhombic plates, by care being taken ■ 
ti) perform the evaporation, and all the operations, at as low a temperSf I 
tare as possible, and preferably in a diraly-lit room ; for, if the tempers- 1 
tare rises to 40°, much of the alkaloid will be decomposed. Heeee reo-l 
ommends that the beans be extracted by alcohol, the alcoholic solutionB 
alkalised by sodic carbonate, and the liquid shaken up with ether, whiolif 
will retain the alkaloid. The ether solution is now separated, and acid- J 
iSed slightly with very dilate sulphuric acid ; the fluid, of course, separ- 1 
ates into two layers, the lower of which contains the alkaloid as a sul*! 
phate. the npper is the ether, which is withdrawn, and the acid fluid % 
passed through a moist filter. The whole process Is then repeated as tkM 
purification, ~ 

Again, Vee, who has repeatedly obtained the alkaloid in a crystalline 
condition, directs the extraction of the beans by alcohol, the alcoholic 
solution to be treated as before with sodic carbonate, and then with ether; 
the ethereal solution to be evaporated to dryness, dissolved in dilute acid, J 
precipitated by sugar of lead, and the filtrate from this precipitate alka- I 
lised bv potassic bicarbonate, and tlien shaken up with ether. The ether- H 
eal solution is permitted to evaporate spontaneously, the crystalline crusts 
arc dissolved in a little dilute acid, and the solution is lastly alkalised by 
potassic bicarbonate, when, after a few minutes, crystalline plates are 
formed. J 

The formula ascribed to physostigmine is CiaHuN»0|. It is strongly ■ 
alkaline, fully neutralising acids and forming tasteless salts. It is easily I 
melted, and perhaps psirtly decomposed, at a temperature of 45°; at 100" I 
it is certainly changed, becoming of a red colour, and forming with acida I 
a red solution. It dissolves easily in alcohol, ether, chloroform, and bi- 1 
sulphide of carbon, but is not easily soluble in water. I 

The salts formed by the alkaloid with the acids are generally hygro- I 
Bcopic and uncrystallisable, but an excejition is met with in the hydnn I 
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bromids, which crystallises in stellate groups.* If CO, ia passed into 
water containing the alkaloid in suspension, ii clear solution is obtained; 
but the slightest warmth decomposes the soluble salt and reprctiipitates 
the alkaloid. The hydrargyc hydroiodide (CsH^N.O^HI.SHgl) is a 
white precipitate, insoluble in water, becoming yellow on drying, eolubla 
in ether and alcohol, and from such solatious obtained in crystalhne pria- 
matic groups. A heat of 70° melts the crystals, and they solidify again 
in the amorphous condition. 

The most delicate chemical test is probably that of Dragendorff — 
viz., the production of a marked red colour in a solution of the sulphate by 
means of bromine water. It succeeds with less than "06 of a mgrm.t 

Concentrated sulphuric acid dissolves physostigmine with the pro- 
daction of a yellow colour, changing into olive-green ; nitric acid (cone.) 
also gives a yellow colour. Ammonia and the carbonated alkalies precip- 
itate the alkaloid from an acetic acid solution in the form of oily drops. 
Other precipitants are tannic acid, which throws down from a solution 
of the hydrochloride a reddish-white flocculent precipitate, not easily 
soluble in hydrochloric acid ; chloride of gold, a blue, with quick reduc- 
tion of gold ; mercuric chloride, a reddish-white precipitate, easily solu- 
ble in hydrochloric acid. It gives no precipitate with platinic chloride. 

Plmrmaceutical Preparations. — The only preparation officinal in 
this country and abroad is a spirituous extract {Extracfum phygoatigma- 
tis), used principally for external a]iplication, the dose of which is not 
more than 18*1 mgrms. ('18 grain). 

Effects OH Animals. — A large number of experiments have been 
made upon animals with physostigmine, most of them with the impure 
alkaloid, which is a mixture of calabariue and physostigmine. Now, 
the action of calabariue seems to be the opposite to that of physostig- 
mine — that is, it causes tetanus. Hence, these experiments are not of 
much value, unless the different proportions of the alkaloids were 
known. Hamack and Witkowsky t made, however, some researches 
with pure physostigmine. of which the following are the main results : 
The smallest fatal dose for rabbits is 3 mgrms. per kilo.; cats about the 
same ; while dogs take from 4 to 5 mgrms. per kilo, Frogs, under the 
influence of the alkaloid, lie paralysed without the power of sponta- 
neous movement, and the sensibility is diminished ; later, the breathing 
ceases, and the reflex irritability becomes extingnished. The activity of 
the heart is through "5 mgrm. slowed, buf at the same time strengthened. 



• M. Ihiquesnel. Pharm. J. Trans. [3], v., 847. 

f Husemann'a JahreihfrieM. 1873. 

t Arch. f. Fathol. m. Pharm. 1878, Bd. v. 
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The wann-blooded animals experimented upon show rapid paralysia 
of the respiratory centre, but the animal by artificial respiration can be 
saTcd. Fibrillar muscular twitching of all the muscles of the body are 
observed. Death follows in all cases from paralysis of the respiration. 
Experiments (first by Bexold, then by Eraser and Bartholow, and lastly 
by Schroff) have amply shown that atropine is, to a certain extent, au 
antidote for physostigmine poisoning. Fraser also maintains an antagon- 
ism between strychnine and physostigmine, and Benuet that chloral 
hydrate is antagonistic to physostigmine. 

Effects on Man. — The bean has long been used by the superstitious 
tribes of the West Coast of Africa as an ordeal, and is so implicitly be- 
lieved in that the innocent, when accused of theft, will swallow it, in 
the full conviction that their innocency will protect them, and that they 
will vomit up the bean and live. In this way, no doubt, life has been 
sacrificed. Christison experimented upon himself with the bean, and 
nearly lost his life. He took 12 grains, and was then seized with giddi- 
ness and a general feeling of torpor. Being alarmed at the symptoms, 
he took an emetic which acted. He was giddy, faint, and seemed to 
have lost all muscular power ; the heart and pulse were extremely feeble, 
and beat irregularly. He afterwards fell into a sleep, and the next day 
he was quite well. 

In August, 1864, forty-six children were poisoned at Liverpool by 
eating some of the beans, which had been thrown on a rubbish heap, being 
part of the cargo of a ship from the West Coast of Africa. A boy, 
aged six, ate six beans, and died. In April of the same year, two chil- 
dren, aged six and three years, chewed and ate the broken fragments of 
one bean ; the usual symptoms of gastric irritation and muscular weak- 
ness followed, but both recovered. Physostigmine contracts the iris to a 
point ; the action is quite local, and is confined to the eye to which it is 
applied. When administered internally, according to some, it has no 
effect on the eyes, but according to others, it has a weak effect in con- 
tracting the pupil.' In any case, the difference of opinion shows that 
the effect, when internally administered, is not one of a marked character. 

Physiological Action. — The physiological action of physostigmine 
is strikingly like that of nicotine, which it resembles in being a respira- 
tory poison, first exciting, afterwards paralysing the vagus. Like nico- 
tine, also, it produces a great loss of muscular power ; it first excites, 
and then paralyses the intra-muscular terminations of the nerves ; and, 
again, like nicotine, it induces a tetanus of the intestine. A difference 
between physostigmine and nicotine exists in the constant convulsive 
effects of the former, and in the greater influence on the heart of the 
latter. 

Post-mortem Appearances, — But little is known relative to i\ie post-- 
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mortem appearaneea likely to be found in hmnan poisoning ; rednea «} 
the atomtioh and intestines is probably the chief sign. 

Separatiuii of Phy.v>stigmine. — For the eitraction of physodtigmine 
from the finida of the body, DragendorS recommends benzene : the id- 
coholic filtered extract (Brat acidified) maybe agitated with stich eolventa 
as petroleum tmd bennene, in order to remove colouring matter; 
then alkulieed and siiakeu up witJi benzene, and the latter allowed 
to evaporate spoutaneously — all the openitiona being, as before stttted, 
carried on under lu". If much coloured, it may bo purifiwi ac- 
cording to the principles before mentioned. In cases where enough of 
the eitract (or other medicinal preparation) has been talten to destroy 
life, the analyst, with proper caro, would probably not have much 
difficulty in separating a small quantity of the active principle. It is 
rapidly climiniited by the saliva and other secretions. In most cases it 
will be necessary to identify physostigmino by its physiological activity, 
as well as by its chemical characters. For this purpose a small quantity 
of the substance should be inserted in the eye of a rabbit ; if it contains 
the idkalnid in question, in twenty minutes, at the very latest, there will 
ho a strong contraction of the pupil, and a congested state of the con- 
junctival vessels. Further researches may bo made with a small quan- 
tity on a bird or frog. The chief symptoms observed will be those of 
paralysis of the respiratory and voluntary muscles, followed by death. 
If a solution is applied to the web of a frog's foot, the blood-vessels be- 
come dilated. Physostigmine appears, according to DragendorfE and 
P.andcr, to act as an irritant, for they always observed gastro -enteri- 
tis as a i-esult of the poison, oven when injected subcutaneously. The 
enhanced secretion from all mucous surfaces, and the enlargement of 
the blood-vessels, are also very constant symptoms. But of all these 
characteristics, the contraction of the pupil is, for the purposes of iden- 
tification, the principal. A substance extracted from the tiasaes or other 
oi'ganic matters, in the manner mentioned, strongly contracting the 
pupil and giving the bromine reaction, would, in the present state of our 
knowledge, be indicative of physostigmine, and of that alone. 

Fatal Dose of Physostigmine. — One mgrm. ('OlS grain) as sulphate, 
given by Vee to a woman subcutaneously, caused vomiting, &c., after 
half an hour. A disciple of Onbler's took 2 mgrms. without apparent 

I effect ; but another mgrm., a little time after, caused great contraction 
of the pupil and very serious symptoms, which entirely passed off in 
four hours. It would thus soem that three times this {i.e., 6 mgrms.) 
would he likely to be dangerous. If so, man is far more sensitive 
to physostigmine than dogs or cats ; and 3 mgrms. per kilo. — that 
is about 205 mgrm. (3 grains) — would be much beyond the least fatal 
dose. 
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IX.— PILOCARPINE. 

Prom the leaTes of the jaborandi, Pilocarpius pennatafoKua (Tfat. 
Ord. RutacecB), two alkaloids have been ae'psLraied— jaborandi and pilo- 
carpine. 

Jaborandi (CioHigNjOs) is a strong base., differing from pilocarpine 
in its sparing solubility in water, and more ready solubility in ether ; its 
^ts are soluble in water and alcohol, but do not crystallise. P. 
Ghastaing,* by treating pilocarpine with a large quantity of nitric acid, 
obtained nitrate of jaborandi, and operating in the same way with hydro- 
<;hloric acid, obtained the hydrochloric of jaborandi ; hence, it seems 
that jaborandi is derived from pilocarpine. 

Pilocarpine (CuHuNgOg) is a soft gelatinous mass, buf it forms with 
the mineral acids crystallisable salts. The nitrate and hydrochloride 
sre at present much used in pharmacy. Pilocarpme gives a precipitate 
with phosphomolybdic acid, potass io-mercuric iodide, and most general 
alkaloidal reagents, but none are very distinctive. When a solution of 
gold chloride is added to one of pilocarpine, a salt falls, having the com- 
position CuHieNgO^HCl-f-AuClj. It is not very soluble in water (about 
1 in 4600), and has been utilised for the estimation of pilocarpine. 
Pilocarpine fused with potash yields trimethylamine, carbon dioxide, 
butyric, and traces of acetic acid. Pilocarpine dissolves without the 
production of colour in sulphuric acid ; but, with bichromate of potash 
and sulphuric acid, a green colour is produced. It may be extracted 
from an aqueous solution made alkaline by ammonia, by shaking up with 
<jhloroform or benzene. 

Effects. — Pilocarpine, given subcutaneously in doses of about 32 
mgrms. {j4 grain), causes within five minutes a profuse perspiration 
and salivation, the face becomes flushed, and the whole body sweats ; at 
the same time, the buccal secretion is so much increased that in a few 
hours over a pint may be secreted. The tears, the bronchial secretion, 
and the intestinal secretions, are also augmented ; there are generally 
headache and a frequent desire to pass water ; the pulse is much quick- 
ened, and the temperature falls from 4° to 1'4° : the symptoms last 
from two to five hours. Langley has shown that the over-action of the 
submaxillary gland is not affected by section either of the chorda tyvi- 
pani, or of the sympathetic supplying the gland. Although pilocarpine 
quickens the pulse of man, it slows, according to Langley, f the heart of 

• Copt. Bend., vol. xciv., p. 228. 

f "The Action of Jaborandi on the Heart/* by J. N. Langley, B.A., Joum. 
Anat and PhyHd., vol. z., p. 187 
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the warm-blooded animals, and that of the frog. With regard to the 
frog, Dr. S. Ringer's researches are confirmatory. With large doseft 
the heart Btope in diastole. If to the heart thus slowed, or even wheu 
recently stopped, a minute quantity of atropine be applied, it begins to 
beat again. There ia also a most complete antagonism between atropine 
and pilocarpine in other respects, atropine stopping the excessive per- 
spiration, and relieving the headache and pain about the pubes, &c, 
l*ilocurpine, given internally, does not alter the size of the pupil, bat 
the sight may, with large doses, be affected. If a solution is applied 
direct to the eye, then the pupil contracts. No fatal case of its admin- 
istration has occurred in mun. The probable dangerous dose would be 
about 130 mgrma. (2 grains) administered aubcutaueoualy. Pilocarpine 
must be classed among the heart poisons. 



X. — TAXINE. 



The leaves and berries, and probably other parts of the common yew 
{Taxus baccala), are poisonous. The poison is probably due to an 
alkaloid {as yet imperfectly studied), which was separated by Marm^, 
and who called it taxine. Taxine is a snow-white powder of bitter 
taste, with difficulty soluble in water, but dissolving in alcohol, ether, 
and diluted acids. It gives with phosphomolybdic acid a canary-yellow 
precipitate, and with tannin a white precipitate, becoming crystalline 
on standing. Picric acid gives a yellow precipitate, and iotlised 
potassium iodide reddish-brown crystals.* It may be extracted from 
fluids made ammoniaeal by chloroform or benzene. Concentrated sul- 
phuric acid strikes with it a red colour. The platinum, gold, and 
mercuric comjiounds are easily soluble. 

Poixoning by Yew. — Falck has been able to collect no less than 33 
cases of poisonihg by different parts of the yew~-9 were from the berries, 
and the rest from the leaves. They were all accidental ; 20 jiersons died, 
or OS'S per cent. 

Effects on Animals — Phynwlogical Action. — From the researches of 
Marme-Borchere, it appears that taxine acts npon the nervous centres — 
the nervous trunks themselves and the muscles remaining with their 
excitability unimpaired, even some time after death. Taxine kills 
throngh paralysis of the respiration, the heart beating after the breath- 
ing has stopped. The leaves contain much formic acid, and their irritant 
action on the intestine is referred to this cause, 

* 0. Amato and A. Capparelli : Ooi. Chim. Ital., vol x., pp. 349-355 ; Jauriu 



Effects on Man. — Several deaths from yew have resulted in limatic 
asylunifi from the palieatu chewing the leaves. For example, a few 
years ago, at the Cheshire County Asylum, a female, aged forty-one, 
was suddenly taken ill, apparently fainting, her face pale, her eyes shut, 
and pulse almost imperceptible. Upon the adminietration of stimulants 
she somewhat revived, but in a little while became quite unconsciona. 
The pupils were contracted, and there were epileptiform convulsions, 
succeeded by stertorous breathing. These convulsions retiimed from | 
time to time, the action of the heart became weaker, and there was a 
remarkable slowing of the respirations, with long intervals between the 
breathing. The woman died within an hour from the time when her 
iUnesB was first observed, and within two hours of eating the leaves. 
Yew leaves were found in her stomach. In another case that occurred 
at the Parkside Asylum,* the patient died suddenly in a sort of epileptic 
fit. Yew leaves were again found in the stomach. In a case quoted by 
Taylor, in which a decoction of the leaves was drunk by a girl, aged 15, 
lor the jiurpose of exciting menstruation, she took the decoction on four 
successive mornings. Severe vomiting followed, and she died eight 
hours after taking the last dose. In another case, there were also no 
symptoms except vomiting, followed by rapid death. Mr. Hurt, of 
Mansfield, has recorded a case of poisoning by the berries. The child 
died in convulsions before it was seen by any medical man. i 

From these and other recorded cases, the symptoms seem generally 
to be a quick pulse, fainting or collapse, nausea, vomiting, convulsions, 
alow respiration, and death, as a rule sudden and unexpected. We may 1 
BTippose that the sudden death is really due to a rapid paralysis of the j 
respiration, and suffocation. 

Pogt-Morfem Appearances. — In the caae of the girl who drank the 
decoction, notliing unusual was observed in the stomach or organs of the 
body ; but when the leaves have been oaten, usually more or lose conges- 
tion of the mucous membrane of the stomach, as well as of the bowels, is 
apparent. In the case of the child wjio ate the berriea (Hurt's case), the 
stomach was filled with mucous and half -digested pulp of the berries and \ 
seeds. The mucous membrane was red in patches and softened, and the 
im&ll intestines were also infiamed. 



PXL— CURARIXE. 

Commercial curare is a black, shining, resinoid mass, about 83 pei^ 
cent, of which is soluble in water, and 7'J in weak spirit. It is a com- 
• Fhar. Joum. [3], No. 3M, 
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plicated mixture ol vegetable extracts, from which, however, a definite 
principle possessing basic charaetei-a (vurarine) baa been scparuted. 

The extract is an arrow poison prepared by different tribes of Indiana 
in South jVmerica, between the Amazon and the Orinoco ; therefore, sam- 
ples are found to vary much in their poisoning properLioa, although 
it lA noticeable that qualitatively tliey are the same, and produce closely 
analogous eymptoma. It is supposed that some of the curare is derived 
from different species of strychnia. This is the more probable, because, 
ad before stated, the South American strychnines paralyse, and do not 
tetanise. It is not unlikely that the active principles of curare (or woor- 
aii', may be methyl componnds similar to those which Isave been artifi- 
cially prepared, such as methyl atrychnine and methyl brucine, both ol 
which have a curare-lilco action. 

Cvraritie was first separated by Preyer in a crystalline form in 1865. 
He extracted curare with boiling alcohol, to which a few drops of soda 
solution had been added, evaporated off the alcohol, took up the extract 
with water, and, after filtration, precipitated by phosphomolybdic acid, 
which had been s^cidifled wi(,h nitric acid. The precipitate was dried up 
with baryta water, exhausted with boiling alcohol, and curarine precipi- 
tated from tho alcoholic solution by anhydrous ether. It may also be ob- 
tained by precipitating ivith mercuric chloride sohition, and throwing 
out the mercury afterwards by moang of hydric sulphide, &c. 

Curarine, when pnre, forms colourless, four-sided, very hygroscopio 
prisms of bitter taste, and weakly alkaline reaction ; soluble in water and 
alcohol in all proportions, but with difficulty soluble in amyl alcohol and 
chloroform, and not at all in anijydrons ether, bisulpliitie of carbon, or ben- 
zene. The base forms cry stall isable salts with .hydrochloric, nitric, and 
acetic acids, Curarine strikes a pur])le colour with strong nitric acid. 
Concentrated solutions of curarine mixed with dilute glycerine, give an 
amorphous precipitate with putassio bichromate and the precipitate 
treated with sulphuric acid strikes a beautiful blue colour. Curarine 
chromate is distinguished from strychnine chromate by its amorphous 
character, and by its comparatively easy solubility. If the chromatea of 
strychnine and curarine be mixed, and the mixed cliromates be treated 
with ammonia, strychnine will be precipitated, and tho curarine pass into 
Bolution, thus forming a ready method of separating them. 

Physiological Effects. — According to Voisin and Liouville's experi- 
ments, subcutaneous injections of curare on man cause, in small doses, 
strong irritation at tho place of application, swelling, and pain. The 
temperature of the body is raised from 1° to 2°, and the number of res- 
pirations increased from 4 to 8 per minute. The pulse becomes some- 
what stronger and more powerful. The urine is increased, and contains 
Eugar. Large doses administered to warm-bhwded animals cause, afterft 
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short time, complete paralysis of voluntary motion and of reflex eicita 
bitiiy, and the auimul dies of asphyxia, Ihe licurt continuing to beat. 

Thia state ia beat produced for the pui'poao of experiment ou fro, 
and, indeed, is the beat tost for the poison. A very minute dose injected 
benealh tlie akin of a frog soon pamlyaes both the voluntary and respira- 
tory muscles; the animals continue to breathe by the skin ; the heart . 
beats normally, or, perhiips, a little weakly, and the frog may remain i 
this motionless condition for days, and yet recover. Only curare and ii 
congeners have this effect. By tying the femoral artery of one of I 
frog's legs before administering the jwison, an insight into the true actio! 
of the drug is obtained. It ia then found that thf reflex escitalility a 
power of motion in the leg are retained, although all the rest of the body i 
paralysed. The only explanation of thia ia that curare does not act c 
trolly, bnt paralyses the intramuscular ends of the motor nerves. Cnri] 
is eliminated partly through the liver and partly tlii'ough the kidnej 
DragendorfE found it in the faces, while a striking proof that it is 
creted by the kidneys is given by the experiment of Bidder,* in whicl 
the urine of a frog poisoned by curare was made to poison a second, an< 
the urine of thia second, a third. The easy excretion of curare tlirough 
the kidneys furnishes explanation of the relatively large dose of curare 
which can ho taken by the stomach without injury. A dose which, given 
by subcutaneoas injection, would produce violent symptoms, perliaps 
death, may yet be swallowed, and no ill effects follow. It is hence pre- 
eumed that, in the first case, the poison is, comparfttively speaking, 
slowly absorbed, and almost as fast separated, and put, as it were, outsidftj 
the body by going into the urine ; while, in the other ease, the wholg 
dose is thrown snddeniy-into the circulation. ^t 

Separation of Curari'iie. — It is hardly probable that the toxicologist 
will have to look for curarine, unless it has entered the body by means of 
a wound or bv subcutaneous injection ; so that in all cases the absorbed 
poison alone must be sought for. The scat of entry, the liver, the kid- 
neys, and the urine are the only parts likely to be of any use. Dragen- 
dorff recommends to extract the tissues with water feebly acidulated with 
B mineral acid, to precipitate albuminous niattere, &c., by strong aico- i 
hoi, and separate, by means of benzene, fatty matters. The liquid is*l 
then made alkaline, and shaken up with petroleum ether, which temoveM 
eerliun alkaloidid matters. It is now evaporated to dryness, mixed witfaj 
fin fly- powdered glass, and extracted with absolute alcohol. The alcoholiB 
is pvupomted to dryness, and any curarine extracted from this reaida6tl 
with water. By very careful drying np of this last extract, and takingw 
it np in alcohol, the alkaloid is said to be obtained so pure as to respond'! 
to chemical tests. The identification may l>e by the colour reaction of'i 
^ ' Areh. /. Anat u. Physiol., 1879, p. 598, 1 
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sulphuric acid described ante, in all cases eupplemented by its phyeiologi- 
cal action on frogs,* 



XII.— COLCHICINE. 

The whole of the Colchicum autumnale, or common meadow-saffron, 
is poisonous, owing to the presence of an alkaloid (discovered by Pelle- 
tier and Oaventou) called Colchicine. 

According to Johannson'a experiments, the dried colchicum aeedfl 
contain 1-15 per cent, of colchicine; the leaves, 1*459 percent,; the 
bulbs, from 1-4 to 1*58 per cent ; and the roots, 0*634 per cent. The 
frequent poisoning of cattle in tho autumn by colchicum, its use in 
quack pills for rheumatism, and its supposed occasional presence in beer, 
give it an analytical importance. 

Colchicine {0^^E.„'&0^ may be extracted from the seeds, &c., in the 
manner recommended by Hiibler :^The seeds are treated, without crush- 
ing, by hot 90 per cent, alcohol, and the alcoholic solution evaporated to 
a symp, which is diluted with twenty times its bulk of water and fil- 
tered ; the liquid is next treated with acetate of lead, again filtered, and 

* It is knowQ. that curare rany cause alight sfmptomH of excitation before the 
paraiysiB cornea on. M. Couty has succeeded in isolating these symptoruB by em- 
ploying feeble extracts of strychuos triplinerria, or small doses of certain 
native preparations. By these means, in dogs, a new phase of intoxication may 
be preEient for ten or even twenty minutes, In the first instance the h"i""">1 
is agitated, jumping, ecratt-hing, barking, aa if in a state of general liyperKathtt- 
aia. Then it presents half cboreio shocks or tremors ; the papils dilate, and are 
alteruately dilated and contracted. The heart's action is increased or diminiahed 
in frequency ; sometimea there is vomiting, micturition, or defecation ; and there 
is always salivation. Finally the cectral and peripheral temperature are raised, 
and the excitability of the muscles and nerves becomes highly increased. With 
the native preparation of curare, it is impossible to prolong this stage, and symp- 
toms of paralysis soon become associated with thoKO of excitement. The choreic 
ihocks were found to be arrested by section of the sciatic nerve. Other eiperi- 
menta proved that the spasms originated from the spinal cord, and were influ- 
enced by its preceding functional condition. If the cord ivas tied in the mid-dop- 
eal region, and tho curare injected, the epaBms were still produced Jn the hind 
legs ; but if, after the operation, the excitability of the posterior segment became 
lowered, the spasm was no longer produced in the hind legs . Tliia dependence 
on a perfect functional activity is a point of difference of these spasms from 
those produced by strycbnine, and by asphyxia. The action of small doses of 
curare is, not, however, limited to the spinal cord. The diminishefi frequency of 
the heart continues after section of the pneumogastricB, and will oven occur if 
the pneumogaatrics have been previously divided. From these facts M. Ckiuty 
considers that curare must not be regarded as entirely destitute of a "convuU- 
vant " action, nor of an action on the central nervous ^stem. 
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the lead thrown out by phosphate of soda. Colchicine is now precipita- 
ted as a tannate^* the formula of which^ according to Hiibler^ is 3G17H20 
N06,2Cg7HaOi7. The precipitation is best fractional, the first and last 
portions being rejected as containing impurities. The tannate is de- 
composed in the usual way with litharge, and extracted by alcohol. 

A simpler method is, however, extraction by chloroform from an 
aqueous solution, feebly acidified, as recommended by Dragendorff. The 
parts of the plant are digested in very dilute acid water, and the result- 
ing solution concentrated and shaken up with chloroform, which is best 
done in the separating tube described and figured (p. 135). 

Colchicine is usually obtained as a yellowish- white, gummy, or resi- 
nous mass ; but it is also possible to obtain it in crystalline needles and 
prisms. It softens at 130°, and at 140° melts ; it dissolves slowly but in 
every proportion in water ; the solution is neutral. It dissolves easily in 
spirit. Pure colchicine is said by Hubler not to dissolve in ether — a 
statement contradicted by Geiger and Hesse, with whom Dragendorff 
agrees, and adds, that it is also soluble in benzene, amyl alcohol, and 
chloroform, but not in petroleum ether. Dilute acids and alkalies dis- 
solve it, the solution becoming slowly or quickly coloured intensely yel- 
low, whilst a decomposition takes place. Boiling with dilute acid, and 
also the protracted action of baryta water in closed tubes, forms colcJii- 
ceifie. Concentrated potash-lye gives, upon heating with it, a brown 
resinous substance. 

Colchicetne crystallises in needles, or in glittering plates, and tastes 
less bitter than colchicine ; it melts at 155°, dissolves but little in cold, 
copiously in boiling, water. Its difficult solubility in cold water may be 
taken advantage of to separate it from colchicine ; according to Dragen- 
dorff, a sufficient quantity of water for this purpose must be used, since 
it is more soluble in solutions of colchicine than in pure water ; is solu- 
ble in chloroform, methyl and ethyl alcohols, but soluble with difficulty 
in ether. It appears to be an acid, forming salts with the alkalies ; its 
precipitants are — tannic acid, phosphomolybdic acid, picric acid, chloride 
of gold, &c. 

Colchiceine gives a remarkable series of colours with the inorganic 
acids — a property which may be utilised as a test either for the presence 
of colchicine, or, conversely, for the presence of mineral acid in such 
liquids as vinegar, &c. Concentrated nitric acid of 1 '4 specific gravity 
colours either colchiceine or colchicetine violet-blue, changing into yel- 
low and lastly passing into green. If the violet solution is diluted with 

* The porest tamiic acid must be used. The commercial tamiin may be pur- 
iied by eTaporating to dryness with litharge, exhausting the tamiate of lead re- 
peatedly with boiling alcohol and water, and lastly, suspending in water, and 
separating the lead by SHt. 
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water it becomea yellow, and on the addition o£ soda, a beautiful orange- 
yellow or red. Conceutratod sulphuric acid dissolves cole hiceine with an 
intense yellow, and if to this solution ii drop of nitric acid be added, a 
dark brown zone is produced, passing gradually through violet and brown 
into yellow. 

The action of acids is also very distinctive, although slightly differ- 
ent in the case of an acid directly added to an infusion of the seeds. 
Thus, if a little colchioiue be extracted by alcohol and water from a few 
grains of the seeds, and the yellowish solution diluted until the colour is 
scarcely perceptible, concentrated sulphuric or nitric acid gives a very 
pronounced yellow, which a drop of HCI changes to a blue-violet. Ni- 
tric acid dropped into another portion of the same solution concentrated, 
with the addition of a fragment of sodium acetate, develops an orange 
colour. 

The precipitants of colchicine are chiefly chloride of gold and plios- 
phomolybdic* and tannic acids. Picric acid, potassio-cadmic iodide, and 
potassio-hydrargyric iodide give no precipitate. Chlorine water causes, 
in a watery solution of colchicine, a yellow precipitate, which dissolves 
in ammonia with an orange colour. 

PharmacBuiical Preparaliong. — Colchicine itself is officinal in Aus- 
tria — the wine in the British, French, and Dutch, and the seeds them- 
selves in all the pharmacopeias. The wine of colchicum, officinal in 
nearly all the pharmacopceias, is made with very different proportions of 
seeds or bulbs, us the table on next page shows. 

The tincture of colchicum is officinal in our own and in al! the Con- 
tinental pharmacopceias ; in the British, 2'/i oz. of seeds are exhausted 
by 20 oz. of proof spirit. 

A tincture of colchicum seeds, examined by Johannson, contained 
■18 per cent, of colchicine, and a tincture prepared from the bulbs -14 
per cent. 

Colchicum vinegar is not officinal in Britain, but one containing 5'4 
per cent, of acetic acid is so in the Netherlands, Germany, and France ; 
the strength appears w be about "095 per cent, of colchicine. 

An extract of colchicum is officinal in Britain and Prance ; and an 
acetic extract in Britain. The latter is the most active of all the phar- 
macentical preparations of colchicum. 

Lastly, an oxymel of colchicum is in use in Germany, France, and 
the Netherlands, 

Quack and Patent- Medicines.— In all specifics for gout the analyst 
will naturally search for colchicum. Most gout pills contain the ex- 

• It ia useful to know tUat the pbOBphomolybdate of colchicine gives all the 
colour reactions of pure colchicine. 
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TABLE XVIII.— FORMULAS OF VARIOUS PHARMACOPOEIAS 

FOR COLCHICUM WINE. 



Drv Colchicum Corms, 
Powdered Seeds, 
Vin. Hispanii, . 

'' Malaceuse, 

" Xereuse, . 
Spirit-rectifical, 



German and 
Norweg. Ph. 


Austrian and 
Swiss Ph. 


Netherland 
Ph. 

1 


• • • • 


• • • • 


• • • • 


10 


10 


10 


• • • * 


• • • 


80 


. . • • 


50 


• • • • 


100 


• • • • 


• • • • 


• • • • 


• • • • 


10 



I 



• • • • 



10 oz. 



j 9 8. ad. 
( 50fld 



i. ) 
. oz. ) 






6 



6 



• • • • • 



100 100 



tracts ; and liquids, such as " Reynolds' gout specific/' the wine or the 
tincture, variously flavoured and disguised. 

The strength of the different pharmaceutical preparations may ,be 
ascertained by dissolving in chloroform, evaporating off the chloroform, 
dissolving in water (which is finally acidified by from 7 to 10 per cent, 
of sulphuric acid), and titrating with Mayer's reagent (see p. 234). If 
the solution is diluted so that there is about one part of colchicine in 600 
of the solution, then each cc. of Mayer's reagent equals 31'7mgrms. col- 
chicine. 

Fatal Dose. — In Taylor's " Principles of Medical Jurisprudence " is 
mentioned an instance in which Syi drachms of colchicum wine, taken 
in divided doses, caused death on the fourth day. The quantity of the 
active principle in the colchicum wine, as found by Johannson {Drag- 
endarff), being 0*18 per cent., it follows that 24*4: mgrms. (-378 grain) 
were fatal, though not given as one dose, so that this quantity may be 
considered as the least fatal one. Casper puts the lethal dose of colchi- 
cine at from 25 to 30 mgrms. ('385 to '463 grain). It is, however, 
incontestable that there are cases of recovery from as much as 70 mgrms. 
(1"08 grain). The lethal dose of the pharmaceutical preparations of 
colchicum may, on these grounds, be predicted from their alkaloidal con- 
tents, and, since the latter is not constant, in any medico-legal inquiry, 
it may be necessary, where facility is given, to ascertain the strength of 
the preparation administered. 

Effects of Colchicine on Animals. — The researches of Eossbach 
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ehow that the caniivorEe are more eensitive to colchicijie than any other 
class of mammalB, Frogs show a transitory excitement of the nervous 
Byatoni, then there is loss of sensation, paralysis of motion, and of the 
respiratory itpparatus : the heart beats after the respiration has ceased. 
Death follows from paralysis of the respiration. The mucous membrane 
of the intestine Is much congested and swollen. 

I have seen cattle die from the effects of eating the meadow-saffron ; 
the animals rapidly lose condition, suffer great nbdomioal pain, and are 
generally purged. The farmers, in certain parts of the conntry, have 
had extensive losses from want of care and knowledge with regard to 
colohicum poisoning. 

Effects of Colckicum on Man. — Colchicum poisoning in man * is 
not Tery common ; F, A. Falck was able to collect from medical litera- 
ture prior to 1880 Bfty-five cases, and he gives the following analysis of 
the cases — In two, colchicum was taken for suicidal purposes; of the 
unintentional poisonings, five were from too large a medicinal dose of 
colchicum winej syrup, or extract, given in cases of rheumatism ; in 
thirteen cases, colchicum was used as a purgative ; forty-two cases were 
owing to mistaking different preparations for drinks, or cordials — the 
tincture in five, and the wine in fourteen being taken instead of orange 
tincture, ininine wine. Schnapps or Madeira ; in one case the corms 
were added to mniled wine; in another, the leaves consumed with salad ; 
in sixteen cases (all children) the seeds of colchicum were eaten. Forty- 
six of the fifty-five died — that is, 83'7 per cent. 

In the remarkable trial at the Central Criminal Court, in 1862, of 
Margaret Wilson (Keg. r. Marg. Wilson), who was convicted of the 
murder of a Mrs. Somers, tho evidence given rendered it fairly probable 
that tho prisoner had destroyed four people at different dates by col- 
cliicuni. Tho symptoms in all four cases were — burning pain in the 
throat and stomach, intense thirst, violent vomiting and purging, cold- 
ness and clamminess of the skin, excessive depression, and great weak- 
ness. One victim died on the second day, another on the fifth, a third 
on the eighth, and the fourth on the fourteenth do.y. Schroff witnessed 
a case iu which a man took 2 grms, (nearly 31 grains) of the conns ; in 
one and a half hours he experienced general malms' ; on tlie next day, 
there were flying muscular pains, which at length were concentrated in 
the diaphragm, and the breathing became oppressed : there was also 
pain in the neighbourhood of the duodenum, the abdomen was inflated 
with gas ; there was a sickly feeling, and faiutness. Then came on & 
sleepy condition, lasting several hours, followed by fever, with exces- 



• For the curious epidemic of diairhcea which broke out in the Rhone Gorge 
In 1875, and was referred to colchicine, see vol. i., "Foods," p. 2TS. 
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^Ht pain in the head, noisea lu the carF, und dchrium ; there waa J 
eomplete recovery, but the abdomen continued paitiiul until the fifth I 
day. I 

In another instance, a gentleman aged fifty,* had taken twenty-eight I 
of Blair's gout-pilla in four and a hiilf days for the relief of a rheiimatio | 
affection. lie suffered from uausea, griping pains in the belly, con- j 
aiderable diarrhoea, vomiting, and hiccough ; towards the end there I 
were stnpor, convulsive twitchinga of the muscles, paralysis, and death. | 
The fatal illness lasted fourteen days ; ho was seen by three medical J 
men at diifercut dates; the first seems to have considered the case one of" 
diarrhoea, the second, one of suppressed gout ; hut Dr. C Budd was 
struck with the similarity of the Bvmptoms to those from an acrid poison, 
and discovered the fact that the pills had been taken. These pills I 
examined : they wore excessively hard, and practically consisted of 
nothing else than the finely-ground colchicum corms ; six pills yielded I 
8 mgrms. of colchicine, so that the whole twenty-eight would contain 39 
mgrniB. (Igrain). Dr. Btidd considered that the whole of the pills, 
which were of a stony hardness, remained in the bowels for some time 
undigested, so that the oltimate result was the same as if the whole had 
been taken in one dose. 

The general symptoms produced by colchicum are — more or leaa \ 
burning pain in the whole intestinal tract, vomiting, diarrhoaa, with nolf | 
nnfrequently bloody stools ; hut sometimes diarrhuta is absent, la I 
single cases tenesmus, dysnria, and, in one case, ha^maturia have been I 
noted. The respiration is usually troubled, the heart's action slowed, I 
the pulse small and weak, and the temperature sinks. In a few cases | 
there have boon pains in the limbs ; cerebral disturbance is rare ; but in I 
two cases (one described ante) there was stupor. Muscular weakness haa I 
been observed generally. In a few cases there have been cramps in the I 
calves, and in the foot, with early collapse and tleath. j 

Post-mortem Appearances. — Schroff found in rabbits poisoned with I 
from "1 to I'O grms. of colchicine, tolerably constantly enteritis and 
gastritis, and always a thick, pitch-like blood in the heart and veins. 
Casper has carefoily recorded the post-mortem ap(>earauceB in four 
labourers, ages ranging from fifteen to forty years, who finding a bottle 
of colchicum-wine, and supposing it to be some kind of bmndy, each i 
drank a wine-glassful. They all died from its effects. In all four there 
Was great hypersemia of the brain membranes and of the kidneys. The 
large veins were filled with thick, dark, cherry-red blood, very similar to \ 
that seen in sulphurio acid poisoning. There was an acid reaction of i 
^^U eODtcnta of the stomach. The lungs were moderately congested. ' 

^H •BeeLamit,-v6[. i., 1881. p. 368. 
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The mucous membrane of the stomach of the one who iJied first was 
Bwolion aud scarlet witL congestion; with the second, there was some filling 
of the vessels at the small curvature ; while the Btomacha of the third 
and fourth were quite normal. In five cases described by Kiiux there 
was also hypenemia of the brain and kidueys, but no gustritia or enteritis. 
It is, therefore, evident tfaut there are in man no coustant pathological 
chaugea from colchicine poisoning, 

Separation of Culchicine from Organic Matters. — The solution of 
oolohicint) from the stomach, or tissues of the body, is best effected by 
extraction with alcohol, filtration, and concentration of the resulting 
filtrate by evaporation. When cool it ia acidified and shaken up several 
times with petroleum ether, which will not dissolve the colchicine, but 
will remove some of the impurities. After separation of the petroleum 
ether, the solution is ehuken up with chloroform, the latter removed in 
the usual way, agitated with pure water once or twice, again separated, 
and lastly evaporated to dryness. The colchicine, probably mixed with 
eolchicetine, will now be in a pure cuougb state to admit of the success- 
ful application of tests. 

In cases of poisoning by colchicum at Berlin, Wittstock used the 
following process :— The contents of the stomach were mixed with a 
large amount of alcohol, a few drops of HCl added, aud the whole well 
shaken ; the fiuid was then filtered, and the "filtrate evaporated to a 
syrupy coaaistence at 37°. The resulting residue was dissolved iu dis- 
tilled water, the fat, &o., filtered off. and the liquid carefully evaporated. 
From the extract foreign matter wiis again separated by treatment with 
alcohol and filtration, and the last filtrate waa evaporated to a syrupy 
consistence. The syrupy fluid was taken up by distilled water, filtered, 
evaporated to 30 grms., and 2 grms. of calcined magnesia with 90 grms. 
of ether were added. After a time, the ether was removed, and allowed 
to evaporate spontaneously. The residue was once more taken up with 
water, filtered from fat, &c., and evaporated. This final residue gave all the 
reactions of colchicine. In medico-legal researches, it must be remem- 
bered that colchicine is absorbed but slowly, a not insignificant portion 
remaining in the bowels, with the fieces. 



XIII.— MUSCARINE AND THE ACTIVE PRINCIPLES OF 
CERTAIN PUNGI. 

77ifl Amanita Muscaria, or fly-blown agaric, is a very conspicuous 
fungus, common in fir-plantationa, about the size and shape of the com- 
mon mushroom ; but the external surface of the pileus ia of a bright 



>f a bright | 



Mtrsc-^vJEtnTB. 375 

, or sometimes of a yellowiah cast, and studded over witli warts. 
The common name of the fungus deiiotca that it waa used in former 
times as a popular ineecticide ; tlie fungue wax liniiscd, steeped iu milk, 
and the milk exposed, in tlie same way as we now expose arsenical fly- 
papers. 

Some peculiar properties of the agaric have long been known to the 
natives of Kaoischatka, and of the north-eastern part of Asia generally. 
They collect the fungi in the hottest months, and hang them up to dry. 
The fungus is then rolled up in a kind of holiia, and swallowed without 
chewing. One largo, or two small, fungi will produce a kind of iiitoxi- 
catioQ, which laaU a whole day. It comes on in about two hours' time, 
and is very Bimiiar to that of alcohol. There is a giddy feeling, the 
spirits are exalted, the countenance becomes fiuahed, involuntary 
actions and words follow, and sometimes loss of consciousness, lb 
renders sonic persona remarkably active, and proves highly stimu- 
lant to muBcnlar exertion : by too largo a dose violent gpasmodie 
effects are produced. " So ver^' exciting to the nervous system in many 
individuals is this fungns, that the effects are often very ludicrous. If a 
person under its influence wishes to step over a straw or small stick, he 
takes a stride or a jump sufficient to clear the trunk of a tree. A talka- 
tive person cannot keep silence or secrets, and one fond of music is per- 
petually singing. The most singular effect of the amanita is the influ- 
ence which it has over the urine. It is said that from time immemorial 
the inhabitants have known that the fnngus inparts an Intoxicating qual- 
ity to that secretion, which continues for a conBiderabto time after tid;- 
ing it- For instance, a man moderately intoxicated to-day will, by the 
next morning, have slept himself sober, but (as is the custom) by taking 
a teacup of his urine he will be more powerfully intoxicated than he was 
the preceding day. It is, therefore, not uncommon for couRrmed 
dmakards to preserve their urine as a preeions liquor against a scarcity 
of the fnngus. The intoxicating property of the urine is capable of 
being propagated : for every one who partakes of it has his wine simil- 
arly affected. Thus, with a very few amauitas, a party of dmnkarda 
may keep op their debauch for a week. Dr. Langsdorf mentions that by 
means of the second person taking the urine of the first, the third of the 
Mcond. and so on. the intoxication may be propagated through five indi- 
Tidnala." * 

A few cases of poisoning by the fly-blown agaric from time to time 
have occurred in Europe, where it has been eaten in mistake for the edi- 
ble fungi, or taken by children allured by the bright attractive colours. 
in these cases the poisonous sj-mptoms noticed have been those of gastro- 

•Lindley'a "Vegetable Kinfcdom." 



4 



376 



POISONS: 



EFFECTS AND DBTBCTION. 



inteatinal irritatioQ, as ehown by vomiting and diarrhcea, dilated* pnpila, 
delirium, tetanic convulsions, slow pulse, stertoroua breathing, collapse, and 
death. In a few cases epileptic attacks and trismus have been observed. 
The course is usually a rapid one, the death occurring within twelve 
hours. In cases of recovery, convalescence has been prolonged. 

The posi-moriem diaracteristics are not distinctive, a fluid condition 
of the blood, hypertemiaof the brain, liver, and kidneys has been noticed. 

Muscarine. — These effects are partly due to an undiscovered, toxic 
substance — which seems to bo destroyed at the temperature of boiling 
water, and la probably of rather easy destructibility — and of a very defi- 
nite poisonous alkaloid {muscarine) first 3opnrat«d by a complex process, 
by Schmiodeberg and Koppe in 1869. f Itisatrimethylammoniumbaae, 
and has lately been formed synthetically by Schmiodeberg and Hamack, J 
by treating cholin with nitric acid. Muscarine is isomeric with betain 
and oxycholin, from which it ia separated by its fiourescence and poiaon- 
oua properties. 

Muscarine is a colourless, strongly alkaline, ayrupy fiuid, which, if 
allowed to stand over sulphuric acid, becomes gradually crystalline, but 
liquefies again on exposure to the atmosphere. It dissolves in water in 
every proportion, and also in alcohol, but is very little soluble in chloro- 
form, and insoluble in ether. It is not precipitated by tannin ; it forma 
salts with acids, and gives precipitates with auric chloride, phospho-tuug- 
etic, and phosphomolyLdic acids, and also with potassio- mercuric iodide. 
The last precipitate is at first amorphous, but it gradually becomea crys- 
talline. This was the compound used by the discoverers to separate the 
base. With many other general alkaloidal reagents muscarine forms no 
compound that is insoluble, and therefore gives no precipitate, such, c. g., 
as iodine with potassio iodide, picric acid, and platinic chloride. Musca- 
rine is a stronger base than ammonia, and precipitates copper and iron 
oxides from solutions of their salts. Muscarine is very poisonous ; 3 to 4 
mgrms. are sufficient in subcutaneous injection to kill cats in from two 
to twelve hours — larger doses in a few minutes ; but with rabbits the 
action is loss intense. Oats become salivated, their pupils contract, they 
vomit, and are purged, the breathing becomes frequent, and there ia 
marked dyapnraa. At a later atage the respirations are slower, and there 
are convulsions and death. 

The alkaloid has also been tried on man. Doses of from 3 to 5 mgrms., 

•This is the more curious, for muscarine etrongly contracts the pupiL It, 
however, teadeto prove what is stated in the text — viz., that there is more than 
one poisonous substance in auanita. 

t Daa Micacarin. daa gifiige Alkaloid des Fliegenpilsxs. Leipzig, 1869. 

t Areh-f. Exper. Path., Bd..4u. B 
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injected snbcataneoasly^ cause after a few minutes profuse salivation, 
increased frequency of the pulse, nausea, giddiness, confusion of thought 
and myosis, but no vomiting, and no diarrhoea. Small quantities ap- 
plied to the eye cause, after a few minutes, a derangement of the accom- 
modation, but no change in the size, of the pupil ; larger quantities 
cause also myosis, which depends upon an excitement of the sphincter 
iridis, or of the oculomotorius. 

The actions of muscarine and atropine are to a great extent antago- 
nistic. This is especially and beautifully demonstrated by the effects of 
the two substances on the frog's heart. The action of muscarine upon 
the heart is to excite the inhibitory nerve apparatus, while the action of 
atropine is to paralyse the same system. One mgrm. of muscarine, in- 
jected subcutaneously into a frog, arrests the heart in diastole, but if a 
suitable dose of atropine is applied to the heart thus arrested, it begins to 
beat again ; or, if atropine is first given, and then muscarine, the heart 
does not stop. The muscarine heart when it has ceased to beat may be 
successfully stimulated by galvanism. Muscarine at first excites the res- 
piratory centre, and then paralyses it. 

Detection of Mtiscaritie in the Body. — If muscarine itself should 
be ever taken, the method of detection most likely to be successful is to 
direct attention to the urine and kidneys, as the most suitable organs 
and fluids from which to separate the alkaloid. The urine should be 
evaporated, the residue treated with strong alcohol, and the alcoholic ex- 
tract evaporated and taken up with water. This aqueous solution is now 
injected into frogs, and its action on the heart watched. If it stops the 
heart in diastole, atropine may be used to see whether the beats will be 
restored. The kidneys, or any other tissues of the body, must be treated 
on similar principles. The insolubility of muscarine in chloroform and 
ether renders it remarkably easy to remove fatty matters and other dis- 
turbing substances. In the present state of our knowledge, life-tests for 
muscarine are alone available. 

The Agaricus Phalloides, with its many varieties, is a very com- 
mon autumn fungus, and has often been mistaken for mushrooms. Falck 
has collected from medical literature no less than 53 cases of poisoning 
by this fungus, 40 of which ended fatally. Its chemistry is not fully 
worked out. Boudier considered that he had discovered an alkaloidal 
body, which he named lulboisin. Letellier and Speneux,* again, found 
two poisonous bodies, one an irritant, and the second a narcotic principle, 
which they named amanitin, and which seemed to be an alkaloidal sub- 
stance, yielding, on treatment with saponifjring agents, as one of its pro- 
ducts, sugar. Another investigator. Ore, separated a body which he 

» Annal. cT-fl^g. PM,, 1867. 
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called phalloidhi; but none of these eubstanccs have been properly 
studied, or, indeed, separated in a state pure enough to admit of suitable 
examination. The poisonous symptoms usually begin after from three 
to four hours, but in one case they were delayed for forty-eight hours. 
There is violent vomiting (in one case this symptom was absent), diar- 
rhcea, and puin in the abdomen, which may increase so as to assume a 
cholera ^ispect, with cramps in the legs, cynnosis, and collapse. There 
are also nervous phenomena, conrulsiona, trismus, and, in a few cases, 
tetanic spasms. The pulse, in seven cases described by Maschka, was 
very email, thready, and qaick, but in others, again, small and slow. 
The pupils have in some cases been dilated, in others unchanged. Death 
ia generally rapid. In two of ilaschka's casea from sixty to sixty-eight 
honra after the investigation, but in the rest from twelve to eighteen 
hours. Life may, however, be prolonged for several days. In a case re- 
corded by Plowright,* in which a boy had eaten a piece of the pilous, 
death occurred on the fourth day. 

The poai-morlem appearances observed in Maschka's seven cases were, 
— absence of cadaveric rigidity, dilatation of the pupil, a dark-red fluid 
condition of the blood, numerous ecchymosos iu the pleura, in the sub- 
stance of the lungs, the pericardium, the substance of the heart, the 
liver, kidneys, and spleen. The mucous membrane of the digestive canaL 
presented nothing characteristic. In two cases there were a few ecchymo- 
sos, and in one the mucous membrane of the stomach was softened, red, 
and easily detached. In one case only wero any remnants of the fungus 
found, by which the nature of the substance eaten could be determined. 
The bladder in each case was full. In three cases a fatty degeneration of 
the liver had commenced. The same appearance was mot with in some 
of the older cases related by Orflla. 

77te Agiiricus PuntJierinus ia said to be poisonous, although Hert- 
wig fonnd it to have no action when given to dogs. 

The Agaricits Ruber, a bright-hued fungus, growing profusely on the 
Hampshire coast, of a purple-red colour — the colouring- matter not only 
covering the pileus. but also extending down the stipe — is poisonons, and 
haa recently been chemically investigated by Phip8on,t who has identi- 
fied a col on ring- matter ruben'ne, and an alkaloid, ngaryih'ine. Agary- 
thrinc is separated by macerating the fungus (from which the skin con- 
taining the colon ring- matter has been removed) as completely as possible 
in water acidulated with 8 per cent, of hydrochloric acid. The filtered 
solution is neutralised by sodic carbonate, and the alkaloid shaken up 
with ether. On evaporation the ether leaves a white, somewhat greasv. 



• Lanrei, 1879. 

t Chem. Nem., p. 199. 1883. 
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looking Bubstance^ haying a bitter^ burning taste^ and easily fusible into 
yellow globules, giving forth an odour like quinoleine ;dt is soluble in al- 
cohol and ether. From Phipson^s observations it would appear probable 
that the red colouring-matter is derived from a decomposition of this al- 
kaloidal substance. A rose-red colour is produced by the action of nitric 
acid, and chlorinated lime first reddens and then bleaches it. Buchwald* 
has recorded three cases of poisoning by this fungus The patients were 
labourers, who, after eating the fungus, suffered from vomiting, thirst, a 
" drunken " condition, cramp, albuminuria, and disturbance of the sen- 
sory functions. The fungus causes in cats myosis, but is said not to af- 
fect rabbits. 

The Boletus Satanas, or Luridus (Lenz), is poisonous ; very small 
quantities of the uncooked fungus caused in Lenz, who experimented 
upon its properties, violent vomiting. In cases in which this fungus 
has been eaten accidentally, the symptoms have been very similar to 
cholera. 

The Common Morelle seems under certain conditions to be poisonous. 
From six to ten hours after the injection, there have appeared depres- 
sion, nausea, jaundice, dilated pupils, and in the worst cases at the end 
of the first day, delirium, somnolence, and muscular cramps, followed 
by collapse, and death. In a case observed by Kromholz, the post-. 
mortem appearances were jaundice, a dark fluid state of the blood, and 
hyperaemia of the brain and liver, Bostrom fed a dog with 100 grms. 
of the fresh young morelle ; the animal died on the third day, and the 
canaliculi of the kidney were found filled with hsBmoglobin partly amor- 
phus, and partly crystalline, f 
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I.— DIGITALIS GROUP. 

The Digitalis purpurea, or foxglove, is a plant extremely common 
in most parts of England, and poisoning may occur from the accidental 
use of the root, leaves, or seeds. The seeds are very small and pitted ; 
they weigh 1126 to a grain {Guy), are of a light-brown colour, and in 

•Indtuir. Bl, 1876. 

fSee Casper'B Viertelj.y 1844. Eeber, Preuaa. Vereinazeitg., 1846. BostrOm, 
Ber. d. Fhya, Med, 8oe,, E^langen, 1880. Schauenstein, '' Giftige Schw&mme " in 
lilaschka'B Handbuch^ &c. 
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form somewhat egg-flhapod. The leaves are large, ovate, crenate, i 
rowed at the base, rugous, veiued, and downy, especially on the under 
surface. Their colour is a dull green, and they have a faint odour and 
a bitter nauseous taate. The leaf is best examined in section. Its 
epidermis, when fresh, is seen to consist of transparent, hexagonal, 
colourless cells, bencBth which, eitlier singly or in groups, there are 
round cells of a magenta tint, and beneuth these again a layer of colum- 
nar celts, and near the lower surface a loose parenchyma. The hairs are 
simple, appearing acantily on the upper, but profusely on the lower, 
surface ; each is composed of from four to live joints or cells, and has as 
its base a magenta-colonred cell. The small leavea just below the seed- 
case, and the latter itself, are studded with glandular hairs. The root 
consists of numerone long slender fibres. 

Chemical Composition. — It is now generally accepted that there 
exist in the foxglove, at least, four distinct principles — digitalin, digi- 
tonin, digitoxin, and digitalein. Besides these, there are several others 
of more or less definite composition, which are all closely related, and 
may be derived from a complex glucoside by successive removals ol hy- 
drogen in the form of water. 

The following ia the theoretical percentage composition of the digi- 
talins, the identitj- of which has been fairly established. They are 
arranged according to their percentage in carbon : — 

TABLE XIX— COMPOSITION OF THE DIGITALIN8. 



„„.. 


Fonnula. 


^r^.^.0^^. 


DiEitalein. . 






C„H.,0„ 


C. 5S'I0 per cent, H, 8-08 per cent. 


Digit ouin, 






c„n„o„ 


C, 53-44 „ H. 7-46 


Digitalin, 






CmH..O„ 


C. 58-16 „ H. 3-65 


DiKitaletin, . 






C.,H»0„ 


C. 62-41 „ H, 3-54 


Digitoxin, . 






C„H.,0, 


c. (^m „ H. e-oe 


Digitaleretin, . 






C..H,.Oi. 


c. ee-iLi .. n. 4-53 


Paradigi talc tin. 






C..H«0,. 


C. 67-n „ H. 4-3 



Digitalein is a colourless, amorphous body, easily soluble in water and in 
cold absolute alcohol. Il in.-ty be precipitated from un alcoholic solution by the 
addition of much ether. It is with difficulty soluble iii chloroform.aud insoluble 
in ether. It is precipitated from a watery solution by taunia, or by basic lead 
acetate : saponification by dilute acids splits it up into glucose and digitaleretin. 
It haa a sharp, acrid taate, and the watery solution froths on shaking. 
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Digitonin, a white amorphous body, has maoj of the characters of Eaponiti. 
Like saponin, it is eoaily soluble iu water, and the solution froths, and, like sa- 
pomu again, it is predpitat«d by absolute alcoliol, by baryta water, and by basic 
lead acetate. It may be readily rtistiDguished from sapoain by treating a watery 
BolutiuD with Bulphurio or hydrochloric acid. On heating, a beautiful red colour 
develoi«. It does not give the bromine reaction. 

Di'jitalin, when perfectly pure, forms fine, white, glittering, hygro- 
scopic n^dles, or groups of cryBtalline tufts; it is without smeU, but 
passesses a bitter taste, which is at once of alow development and of long 
eudnranoe. On warming, it becomes soft under 100°, and, above that 
temperature. Is readjly decomposed with evolution ot white vapours. It 
is insoluble in water, in dilute soda solution, in ether and in benzene- 
It is soluble in chloroform, especially in chloroform and alcohol, and 
disBolves easily in warm acetic acid ; 13 parta of cold and six of boiling 
alcohul of 90 per cent, dissolve one of digitalin. Dilute hydrochloric 
or sulphuric acid decompose it into glucose and digitaletin (C„IIjbO„) ; if 
the action is prolonged, digitiileretin ((.'uU^Oi,), and finally dehydrated 
digital ere tin, arc formed. Concentrated sulphuric acid dissolves it with 
the production of a green colour, which by bromine passes into violet- 
reil, but on the addition of water becomes again green. Hydrychloric 
acid dissolves it with the production of a greyish-yellow colour, passing 
jgradually into emerald green ; water precipitates from this solution a 
inoos mas^'. 

DigUaUtin.^X substance obtained by Wain on treating his digitalin by di- 
e acids. It is crystalline, and its watery solution tastes bitter. It melts at 
179^, and decomposes, evolving an acid vapour at about 206^. It dissolves in SIS 
parta of cold, and 223 of boiling, water ; in 3'5 parts of cold, and in from 2 to 4 
of boiling, alcohol. It is with difficulty soluble in ether. It dissolves in concen- 
tmted sulphuric acid, developing a red-brown colour, which, on the addition of 
water, changes to olive green. On boiling with dilute acids, it splits up into 
sugar and digitaleretin. 

Digiloxin always accompanies digitalin in the plant, and may by 
suitable treatment be obtained in glittering needles and tabular crystals. 
It is insoluble in water and in benzene. It dissolves with some difficulty 
in ether, and is readily dissolved by alcohol or by chloroform. On boil- 
ing with dilute acids, it is decomposed into an amorphous, readily soln- 
ble body, — Toxiresin. Digitoxin, according to Schmeideberg, only ex- 
ists in the leaves of the digitalis plant, and that in the proportion of 1 
part in 10,000. Digitalin and digitoxin arc par excellence the poisonous 
principles of the plant. Toxiresin la also intensely poisonous. It may 
be obtained in crystals by extracting the dry eshanated leaves with alco- 
hol of 50 per cent. . precipitating with lead acetate, and washing the 
precipitate first with a dilute solution of swlium carbonate (to remove 
ooloaring-matter), and then with ether, benzene, and carbon disnlphide. 
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in all of which it is inaolublo ; on decomposing the load compound, dig- 
iloxin may be obtained in colourless scales or needle-shaped crystals. 

DigitaleTetin, the origin of which has be^n already alludf^d to, is a yellowlBh- 
white, amorphous powder, possessing no bitter taste, melting at 60°, soluble in 
ether or in alcohol, but insoluble in water. 

Paradigitaletia ia very similar to the above, but it melts at 100°, and is in- 
soluble in ether. 

Several other derivatives have been, obtained and described, such as 
the inert digiiin, diyitalacrin, digitalein, and others, but their proper- 
ties are, as yet, insufficiently studied. Digitaliu, as well as digitoxin, 
may now be obtaiiied pure from certain firms, but the ordinary digitalin 
of commerce is, for the most part, of two kinds, which may be distin- 
guished as French and German digitalin. The French digitalin, or the 
digitalin of Homolle, is prepared by treating an aqueous extract of the 
digitalis plant with lead acetate, and freeing the filtrate from lead, lime, 
and magnesia, by successive additions of alkaline carbonate, oxalate, and 
phosphate, and then precipitating with tannin. The tannin precipitate 
is treated with litharge and the digitalins boiled and extracted from the 
mass by means of alcohol, and lastly, purifying with animal charcoal. 
Crystals are in this way obtained, and by removing all substances soluble 
in ether by that solvent, digitalin may be separated. The German digi- 
talin is prepared according to the process of Walz, and ia extracted from 
the plaut by treatmect with alcohol of '852. The alcohol is removed by 
evaporation, and the alcoholic extract taken up with water ; the watery 
extract ia treated with lead acetate and litharge, filtered, the filtrate 
freed from lead by hydric sulphate, and the excess of acid neutralised by 
ammonia, and then tannin added to complete precipitation. The precip- 
itate is collected and rubbed with hydrated oxide of lead, and the raw 
digitalin extracted by hot alcohol. The alcohol, on evaporation, leaves 
a mixture of digitalin mi.xed with other principles and fatty matter. If 
sold in this state, it may contain from 2 to 3 per cent, of digitalein and 
digitonins. On treating the mixture with ether, digitalin with some 
digitaletin is left behind, being almost insoluble in ether. Since, how- 
ever, digitaletin is very insoluble in cold water, by treating the mixture 
with 8 jjarts of its weight of cold water, digitalin ia dissolved out in 
nearly a pure state. It may be further purified by treating the solution 
with animal charcoal, recrystallisation from spirit, Ac. 

Reactions of Dtgilalins. — Digitonin is dissolved by dilute sulphnric 
acid (1 : 3) without colour, and the same remark applies to hydrochloric 
acid ; on warming with either of these acids, a violet-red colour appears ; 
this reaction thus serves to distinguish digitonin from the three other 
constituents, as well as from saponin. 

Sulphuric and gallic acids colour the glticosides of digitalin, digito- 
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lein, and digitoBin, Ted, but not digitoxin, which uan be identified in 
this wuy. 

Sulphuric acid and bromine give with digitalin a red, and with dig- 
italeiu a violet coloration, which, on the addition of water, change re- 
spectively into emerald and light green. Tliis, the most important 
chomical test we possess, is sometimes called Grandeau's test; it is not 
of great delicacy, the limit being about ■! mgrm. 

Pharmaceutical Preparations of Digitalin. — Digitalin itself is offici- 
nal in the French, British, and Auatrian pharmacopoeiae. It is prepared 
in our own by making a strong tincture of the leaves at 120°F, ; the 
spirit is then evaporated off, and the extract heated with acetic acid, de- 
colorised by animal charcoal, and filtered. After neutralisation with 
ammonia, the digitahn is precipitated with tannin, and the tannate of 
digitalin resolved into tannate of lead and free digitalin, by rubbing it 
with oxide of lead and spirit. 

Digitalis leaf ia officinal in most of the pharmacopceias. 

Tincture of digitalis is officinal in our own and all the Continental 
pharmacopceias, and an ethereal tincture ia uaed in France and Ger- 
many. 

An Acetum digitalis is officinal in the Netherlands and Germany ; 
an extract and infusion are also used to some extent. 

With regard to the nature of the active principle in these different 
preparutioQB, according to Dragendorff, digitonin and digitalein are 
moat plentiful in the acetic and aqueous preparations ; whilst in the al- 
coholic, digitalin, digitosin, and digitalein are present. 

Fatal Done. — The circumstanoes of commercial digitalin consisting 
of varying mixtures of digitoxin, digitalin, and digitalein, renders it dif- 
Gcnlt to be dogmatic about the dose likely to destroy hfe. Besides, 
with all heart- poisons, surprises take place ; and very minute quantities 
bavc a fatal result when administered to persons with disease of the 
heart or to such as, owing to some constitutional peculiarity, have a 
heart easily affected by toxic agents. Digitoxin, according to Kopp's* 
experiments from six to ten times stronger than digitalin or digitalein. 
Two mgrms. caused intense poJaonons symptoms. Digitoxin is contain- 
ed in larger proportions in Nativelle's digitalin than in HomoUe's, or in 
the German digitalin. The digitalin of Homolle is prescribed in 1 
tngrm. ('015 grain) doses, and it is thought dangerous to exceed 6 
mgrms. 

Lcmaistre has indeed, seen dangerous symptoms arise from % mgrms. 
(■03 grain), when administered to a boy fifteen years old. It maybe 
predicated from recorded cases and from experiment, that digitoxin would 
probably he fatal to an adult man in doses of 4 mgrms. (J grain), and 
• AreKnf. Exp. Pathol, w. Pharm. vol iii., p. 384, 1875. 
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digitalin, or digitalein, in dosea of 20 mgrma. ("3 grain). With regard 
to commercial digitalin, aa much as from 10 to 12 mgrms. ('15 to 'IS 
grain) have been taken without a fatal result ; ou the other hand, 2 
mgrms. gave rise to poMonous symptoms in a woman (Battaille). Such 
discrepancies are to be explained on the grounds already mentioned. It 
is, however, probable that i mgrms, (or ~ grain) of ordinary commeroial 
digi lahn would be very dangerous to an adult. 

It must also, in considering the doae of digitalin, be ever remem- 
bered that it is a cumulative poison, and that the same dose — harmless if 
taken once — yet, frequently repeated, becomes deadly : this peculiarity 
ia shared by all poisons affecting the heart. When it ia desired to settle 
the maximum safe dose for the various tinctures, extraeta, and infusions 
of digitalis used in pharmacy, there ia still greater difficulty, a difliculty 
not arising merely from the varying strength of the preparations, but 
also from the fact of the vomiting almost invariably excited by large 
doses. Individuals swallow quantities without death resulting, uimply 
because the poison ia rapidly expelled ; whereas, if the a'sophagus was 
ligatured (as in the experiments on the lower animals formerly favoured 
by the French school of toxicologiats), death must rapidly ensue. The 
following table is a guide to the maximum single dose, and also the 
amount safe to administer in the twenty- four liours in divided dosea. M 
a general rule, it may be laid down that double the maximum dose is 
likely to be dangerous ; — 

TABLE XX.— MAXIMUM SINGLE DOSE, AND MAXIMUM 
QUANTITY OF THE DIFFERENT PREPARATIONS OP 
DIGITALIS, WHICH CAN BE ADMINISTERED IN A 
DAY. 





SbsleDcM. 


Por 


Day. 


GnUni or 
Minimi. 


oroo'B. 


mQi^°'' 


'^o^^T 


Powdered Leaves, 


ii4 grns. 


8 gnu. 


15 -4 gma. 


lOgrm. 


Infusion, . 


480 m. 


28.3 cc. 


1440 m. 


84 9 cc. 


Tincture, . 


15 m. 


3cc. 


la-) m. 


Qcc. 


Digitalin, . 


■03 gm. 


■CK)3grm. 


■09 gm. 


OOflgrm. 


Extract, . 


S'O „ 


■3 


130 „ 


■8 „ 













Statistics. — The main knowledge which we possess of the action of 
digitalis is derived from experiments on animals, aud from occasional 
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Undents in the taking of medicineB ; but m comparison with certain 
toxic agents more commonly Jcnown, the number of cases of deaths from 
digitalis is very insignificant. Of forty-tivo cases of digitalis-poisoning 
collected by Huaemann, one was criminal (mnrder) ; one the result of 
miataking the leaves for those of borage ; fortv-two were caused in 
tnedicinul use — in thirtv-three of these last too large a dosa had 
been given, in three the drug was used as a domestic remedy, Ja two 
of the cases the prescription was wrongly read, and in one digitalis 
was used as a secret remedy. Twenty-two per cent, of the forty-Eve 
were fatal. 

Effects on Man. — It was first distinctly pointed out by Tardieu that 
toxic dosea of digitalis, or its active principles, produced not only 
symptoms referable to an acLiou on the heart, but also, in no small 
degree, gastric and intestinal irritation, similar to that induced by 
arsenic. Tardieu also attempted to distinguish the symptoms pro- 
duced by the pharmaceutical preparations of digitalis (the tincture, 
extract, &c.), and the glucosido digitalin ; but there docs not appear it 
BufficifDt basis for this distinction. The symptoms vary in a consider- 
able degree in different persons, and are more or leas tardy or rapid in 
their development, according to the dose. Jloderate dosea continued 
for some time (as, for exami)lc, in the persistent use of a digitalis medi- 
cine), may produce their first toxic effects even at the end of many days ; 
but when a single large dose is taken, the symptoms are rarely delayed 
more than three hours. They may commence, indeed, in half an hour, 
but have been known to be retarded for more than twenty-four hours ; 
and the longer periods may be expected if digitalis ia given in hard, not 
easily soluble pills. There is commonly a feeling of general malaise, 
and then violent retching and vomiting. The pulse at first may be 
accelerated, but it soon is remarkably slowed — it sinks commonly down 
lo 50, to 40. and has even been known as low as 25. To these symp- 
toms, referable to tlie heart and to the digestive tract, are added nervous 
tnubloe ; there are noises in the ears, and disturbances of vision. In a 
fltae related by Taylor, a red-coal fire seemed to the patient to be of a 
hlBo colonr; in another, related by Tjersch,* there was blindness for 
<igliteen hours, and for some time a confusion in the discrimination of 
ftdonrs; qniet delirium has also been noticed. As the case proceeds, the 
SUtric symptoms also increase in severity ; the tongue Christison, in 
one case, noticed to be enormously swollen, and the breath foetid. 
Diarrhoea is commonly present, although also sometimes absent. The 
MtioQ of the kidneys is suppressed. Hiccough and convulsions close 
tte scene. 



• Ehen. Wtat. Corr. St.. 15, 1848. Husemoim in Masclika'e Ean<Snich. 
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In the cumulative form, the symptoms may suddenly burst out, and 
the person pags into death in a faintiug-fit without any warning. As & 
rare effect, hemiplegia may bo mentioned. 

The brief resume of the symptoms may be farther illustrated by the 
following typical eases : — A recruit, aged 2i, desiring to escape from 
mihtary aer\'ice, went to a so-called " Freimacher," who gave him 100 
pills, of which ho was to take eight in two dosoa daily. Eleven days 
after the use of the pills, he became ill, and was received into the 
hospital, where he suddenly died after three weeks' treatment. His 
, malady was at first ascribed to gastric catarrh ; for he suffered from loss 
of appetite, nausea, and constipation. He complained of pain in the 
head, and giddiness. His breath smelled badly, and the region of the 
stomach was painful on pressure. The pulse was slow (56), the tem- 
perature of the body normal. Towards the end, the pulse sank to 52 ; 
he suffered from vomiting, noise in the ears, troubles of vision, great 
weakness, and later, hiccough and swelling in the neck. Tbe mere act 
of standing up in order to show his throat caused him to faint ; on the 
same day on which this occurrence took place, he suddenly died on the 
way to the nightstool. Thirteen of the jiilla were found in the patient's 
clothes, and from a chemical and microscopical examination it was found 
that they contained digitalis leaf in fine powder. The quantity which 
the unfortunate man took in the four weeks was estimated at 13 '7 grms. 
(■= about 311 grains). 

Two of his comrades had also been to the " Freimacher," and had 
suffered from the same symptoms, but they had left off the use of the 
medicine before any very serious effect was produced.* f 

An inatnictive case of poisoning by digitoxin occurred in the person 
of Dr. Koppe, in the course of some experiments on the drug. He had 
taken 1-5 mgrm. in alcohol without result ; on the following day (May 
14) he took 1 mgrm. at 9 a. m., but again without appreciable symp- 
toms. Four days later he took 3 mgrms. in alcoholic solution, and an 

" Kohnhora, VitrteljhrssehT, f. Ger. Med., 1876, n. £. xxiv., p. 403. 

t There is an interesting casp on record, in which ti woman died from theex- 
presaed juire of digitalis. She was twenty-seven years of age, and took a large 
unknown quantity of the freshly eipresaetl juice for the purpose of relieving a 
swelling of the limbs. The symptoms came on almost immediately, she waa 
very aick. and waa attacked by a meoorrhagia. These symptoms continued for 
several days with increasing severity, but it waa not until the fifth day that she 
obtained medical afisiBtance . She was theo found semi -comatose, the face pale, 
pulse slow, epigastrium painful ou pressure, diarrlnea. and hiccough were fre- 
quent. She died ori the twelfth day. The post-morUm appearauoas showed 
nothing referable to digitalis save a few spots of inflammation on the stomach, — 
Causs6, Bvll. de Th^rape'dique, vol. Ivi., p. 100 ; Brit, and For. Mrd. Chtr. Re- 
view, vol. ixvi., 1860, p. 523. 
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rar afterwards felt faint and ill, with a feeling of giddinosB ; the 
pulse was irregular, of normal frequency 80 to 84. About three 
hours after taking the digitoxin. Dr. Koppe attempted to take a 
walk, but the nausea, accompanied with a feeling of weakness, became 
so intense that he was obliged to return to the house. Five hours 
after the dose, his pulse was 58, intermittent after about every 30 to 50 
beat«. Vomiting set in, the matters he threw up were of a dark-green 
colour ; after Yoraiting he felt better for a quarter of an hour, then lie 
again vomited much bilious matter ; the pulse sank to 40, and was very 
intermittent, stopping after every 2 or 3 beats. Every time there wae an 
intermission, he felt a feeling of constriction and une-asiuess in the cheat. 
Six and a quarter hours after tlie dose, there was again violent vomiting 
and retching, with paleness of the face. The muscular weakness was so 
great that he could not go to bed without assistance. He had a disorder 
of vision, BO that the traits of persons well-known to him were changed, 
und objects had a yellow-tint. He had a sleepless night, the nausea and 
Tomiting continuing. During the following day the symptoms were 
very similar, and the pulse intermittent, 54 per minute. He passed 
another restless night, his short sleep being disturbed by terrible dreams. 
On the third day he was somewhat better, the pnlse was 60, but irregn- 
lar and still intermittent ; the nausea was also a littie abated. The 
iiight was similar in its disturbed sleep to the preceding. He did not 
regain his full health for sevetal days.* 

A third case may be quoted, which differs very markedly from the' 
preceding, and shows what a protean aspect digitalin poisoning may as- 
sume. A woman, twenty-three years old, took on June 2Cth, at 7 a. m., 
(or the purpose of suicide, 16 granules of digitalin. Two hours later 
there was shivering and giddiness, bo that she was obliged to go to bed. 
In the course of the day, she had hallucinations. In tlio evening at 8 
o'clock, after eating a little food, she had a shivcring-flt so violent that 
ber teeth chattered ; there was cold sweat, and difficulty in breathing ; 
■ ihe became gradually again warm, but could not sleep. At 1 a. m. the 
I difficulty of breathing was bo great that she dragged herself to the win- 
I dew and there remained until 3 a. m., when she again went back to bed, 
I dept until 7 a. m., and woke tolerably well. Since this attempt at solf- 
destmction had faileil, she took 40 granules. After one hour she be- 
I came giddy, had hallucinations, chilliness, cold sweats, copious vomit- 
I ing, and colicky pains ; there was great muscular weakness, hut no diar- 
' rhcea. Towards evening the vomiting became worse. There was no ac- 
tion of the bowels, nor was any urine passed ; she felt as if her eyes were 
Sminent and large. The sufferings described ksted daring the whole 



*Areh.f. JBicp, ftUA. u. Pharm., vol. i 
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night nntil five o'clock the following day, when the vomiting ceased, 
whilst the hallucinations, chillinesB, and cold sweat continued ; and the 
thirst, sick feeling, and weakness increased. The next morning, a phj- 
eiciuu found her motionless in bed, with pale face, notable double exuph- 
thalmuB, dilated pupils, and cold skin, covered with sweat ; the pulse 
was small and intermittent, sometimes Ecorcely to be felt (46 to 48 per 
minute) ; the epigastrium was painful on presaiire. She passed this 
second night without sleep, and in the morning the pulse had risen from 
66 to 58 beats, but was not quite so intermittent. There was some action 
of the bowels, but no urine was passed, nor had any been voided from 
the coniraencemeut ; the bladder wae not distended. The following 
(thii'd) day some red-coloured, offensive urine was passed ; the skin waa 
warmer, and the pulse from 60 to C4 still somewhat intermittent — from 
this time she began to improve, and made a good recovery.* 

Physiological Action of the Digitalins. — Whatever other physiologi- 
cal action this group may have, its effects on the heart's action are so 
prominent aud decided, that the digitalins stand as a type of heart poi- 
sons. The group of heart poisons has been much extended of late years, 
and has been found to include the following ; — .-Vutiariu, an arrow poi- 
son ; helleborin, a glucoside contained in the hellebore family ; a gluco- 
side found in the Apocpiacem, Thevatii neriifoUa, aud Tkevatia iccolU ; 
the poisonous principle of the NeriuM oleander and A", odorumj the 
glucoside of Taghinia venenifera ; convallamarin, derived from species of 
convallaria; sciUotoxin, from the squill ; superbin, from the Indian lily; 
and the alkaloid erythroephlcBin from the Erythropklceum judiciaU (see 
p. 403 et seq.). This list is yearly increasing. 

Local Action. — The digitahns have an exciting or stimulating action 
if applied to mucons membranes — c. g., if laid upon the nasal mucous 
surface, sneezing is excited ; if applied to the eye, there is redness of the 
conjunctivae with smarting ; if to the tongue, there is much irritation and 
a bitter taste. The leaves, the extract, and the tincture have all this di- 
rectly irritating action, for they all redden and inflame mucous mem- 
branes. 

Action on the Heart. — The earlier experimenters on the influence of 
digitalis on the heart were Stanninsand Tniube. Stanniusf experimented 
on eats, and found strong irregularityi and, lastly, cessation in diastole, 
in which state it responded no longer to stimuli. Babbits and birds — 
especially those birds which lived on plants — were not so susceptible, 
nor were frogs. 

: De CEmpoitojniement par la Digitate et la Digitaline. 
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Traabe* made hia researches on doga, using an extract, and admin* 
istering doses which corresponded to from -a to i'O grms. He divided the 
ajTnptoms witnessed into four stages : — 

Ut Stnge. — The pulse frequently diminishes, while the pressure of 
the blood rises. 

2nd Stage. — Not seen when large doses are employed ; pulse fre- 
quency, aa welt as blood pressure, abnormally low. 

3rrl Stage. — Pressure low, pulse beats above the normal frequency. 

The slowing of the heartf is attributed to the stimulus of the inhib- 
itory nerves, but the latter condition of frequency to their paralysis. 
After the section of the vagi the pulse frequently remains, and this is 
explained by the inhibitory action of the cardiac centre. The vagus, in 
point uf time, is paralysed e-arlier than the muscular substance of the 
heart. 

The increased blood pressure, Traube attributed to increased energy 
of the heart's contraction, through the motor-centre being Btimnlated 
later ; the commencing paralj'sis expiiUns the abnormally low pressure. 

There is, however, also an influence on vaso-motor nerves. What 
Dr. Johnson has described as the " stop-cock " action of the small arte- 
ries comes into play, the small arteries contract and attempt, as it were, 
to limit the supply of poisoned blood. Ackermann,! indeed, witnessed 
this phenomena in a rabbit's mesentery, distinctly seeing the arteries 
contract, and the blood-prossure rise after section of the spinal-cord. 
ITiis observation, therefore, of Ackermann'a (together with experiments 
of BOhmg and L. Brunton),|| somewhat modifies Traube's explanation, 
and the views generally accepted respecting the cause of the increased 
blood-pressure may be stated thus : — The pressure is due to prolongation 
of the systolic stroke of the cardiac pump, and to the " stop-cock " action 
of the arteries ; in other words, there is an increase of force from behind 
(vis a tfrgo), and an increased resistance in front {vis nfronte). 

Action of Ike Digilalins on the Muco-Iniestinal Tract and other Or- 
ffojw. — In addition to that on the heart, there are other actions of the 
digitalinii ; for example, by whatever channel the poison is introduced, 

• Ann. d. Ckariti Krankeahausea, vol. ii., p. 785. 

fSlowingof the pulse waa mentioned first b.v Withering, (^n Aocoitnt of 
thf Fixeglove, Londou,n85,) Beddooaaftens-ariJHohsen'ed that digitalis increased 
the foroeof the eirculatioa. the slowing of the pulae not being always observed ; 
according to Ackermanu. [f the inhibitory apparatus is affected bj* atropine, or 
i( thB patient ih under deep narcosis, the slowing is absent. 

XDeut»fh.Art}i.f. Klin. Med., vol.. xix., p. 136. 

%AreMv.f.d. Oc». Pliyg., vol. \., i>. 153. 

|"On Digitalis, with some observations on the Urine." Lond., 1808. 
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vomiting lias been observed. Even in frogs this, in a radimentary man- 
ner, occurs. The diuretic action which hue been noticed in man is want- 
ing iu animals, nor has a lessened diminution of urea been confirmed. 

Ackermaun found the temperature during the period of increased 
blood-pressure raised suptrficiailj, but lowered internally. According to 
Boeck* there is no iDcreaso in the decomposition of the albuminoids. 

7he Aftion of DigitaUn on ike Common Blaw-Jly. — I have recently studied 
the effects of digitalin, made up into a thiu paste with water, and applied to the 
head of the common blow-fly. There are at once great aigns of irritation. the8uck> 
er ts extruded to its full length, and the flj works its fore feet, attempting to 
brush or remove the irritating agent. The next symptom is n ilitficulty in walk- 
ing up a perpendicular glass surface. Thisdifflculty iacreascs. but it is distinctly 
observed that weakness and paralysis occur in the legs before they are seen in 
the wings. Within an hour the wings become paralysed also, and the fly, if 
jerked from its support, falls like a stone . The msect becomes dull and motion- 
less, and ultimately dies in from ten to twenty-four hours. I also noticed that a 
dose, in itself insufficient to destroy life, did so on repetition at intervals of a 
couple of hours. The oliservation is not without interest, in as much as It shows 
the digitalins are toxic substances to the muscular substance of even those life- 
forms which do not possess a heart. 

Ac/iun of the Digitalins on the Fro^a Heart. — The general action of 
the digitalins ia beet studied on the heart of the frog, Drs, Fagge and 
Stevenson have shown f that, under the influence of digitalin, there is a 
peculiar form of irregularity in the beats of the heart in the frog ; the 
ventricle ultimately stops in the white contracted state, the voluntary 
power being retained for fifteen to twenty minutes afterwards ; in very 
large doses there is, however, at once paralysis. Lander Brontoii X con- 
siders the action of the heart to essentially consist in the prolongation of 
the systole. 

Atropine or curare have no influence on the heart thus poisoned. 
If the animal under the iuflnence of digitalin be treated with muscarine, 
it stops in diastole instead of systole. On the other hand, the heart 
poisoned by muscarine ia relieved by digitalin, and a similar influence 
appears to be exercised by atropine. The systolic stillness of the heart 
ia also removed by substances which paralyse the heart, as delphinin, 
saponin, and apomorphin. 

Large doses of digitalin, thrown suddenly on the circulation by in- 
travenous injection, cause convulsions and sudden death, from quick 
palsy of the heart. With frogs under these circumstances there are no 
convulsions, but a reflex depression, which, according to Weil, § Mei- 



* Intoxication, p. 404. 

+ Ouy't IIoHpl Report), 3rd ver, vol. lU., p, 87. 

t '■ On Digitalis, with some observations on the Urine." 

§ Archivf. Ariat. v, Pyaiol. . IB71, p. S83. 
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disappears on decapitation. The central cerebral symptoms 
are without doubt partly due to the diaturbance of the circulation, and 
there is good ground for atiributing them also to a toxic action on tha 
nervous substance. The arteries are affected as well as the heart, and 
wre reduced in calibre; the blood*pressure is also increased. f This ij 
easentiaUy due to the firm, strong contraction of the heart, and also tu 
the " etop-cock " action of the smail arteries.^ ^\ 

Post-mortem Appearances.— la the case of the recruit poisoned by 
digitalis leaf (p. 380), the blood was found dark and fluid; the right 
rentricle and auricle of the heart were filled with blood, the left empty ; 
the brain and its membrane were antemic ; the stomach and mucous 
membrane of the intestines were in parts ccchyniosed, and there were 
patches of injection. In the case of the widow De Pauw, poisoned with 
digitalin by the homceopath (Conty de la Ponimerais), the only abnor- J 
mtdity discovered were a few hypertemic points in the mucous mcmbninej 
of the stomach and small intestines. It is then certain that although' I 
more or less redness of the lining membrane of the intestine track mayJ 
be present, yet, on the other hand, the active principle of the digitalis I 
may destroy life, and leave no appreciable- sign. I 

Separation of the Digitalins from Annual Tissves, d-c. — It ia best to« 
an alcoholic extract after the method of Stas, the alcohol bein^l 
ly acidulated by acetic acid, and all operationa being carried on at a I 
imporature below 60°. The alcoholic extract ia dissolved in water I 
feebly acidulated by acetic acid, and shaken up, first with petroleum I 
ether to remove impurities (the ether will not dissolve any of the digi- I 
uUtu), then wiih benzene, and, lastly, with chloroform. The benzene 
diaaolves digitalein, and the chloroform, digitalin and digitoxin. On 
allowing these solvents to evaporate spontaneously, residueB are obtained 
which will give the reactions already detailed. Neither the bromine nor | 
my other chemical test is sufficient to identify the digitalins ; it is abso- I 
lutely necessary to have recourse to physiological experiment. The I 
method used by Tardieu in the classical Pommeraia case may serve as a 1 
" Arfhinf. rf. gi-t. PhyMol.. vol. vii.. p. 301. I 

t The following ia a brief summary of oliservntiona on tlie blood pressure j ' 
four Btagea amy be noticed— (') Rise of normal blood preaaure, not necessarily 
tccompanied with a diminution of pulse frequency ; (3) continuation of height- 
ened bliwd pressure, the pulae being raised beyond the normal rale ; (3) con- 
tinued high pressure, with great irregularity of the heart and intermittent pulse ; 
(*) quick depression of pressure, sadden stopping of tlie heart, and death. J 

t According to Boehm(Jrcft./.c(. OM.PAi/sio/.Ud. v,.B, 189) and to Williami 4 
(Arch./. Bxper. Pathol., Bd. liii.. 8. 3). the nee of pressure ia duo entirely to the I 
hmrt, and not to the contractions of the small arteries ; but I fail to see bow tha 1 
«m«|l arteries can contract, and yet not heighten the pressure. I 
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model, more eapeci^ly the experiments on frogs. These frogs were 
properly secured, the hearts exposed, and the beats counted. The num- 
ber of beats was found to be fairly equal. Frog No. 1 was placed under 
euch conditions that the heart was constantly moist. Frog No. 3 was 
poisoned by injecting into the pleura 6 drops of a solution in which 10 
mgrms. of digitalin were dissolved in 6 ec. of water. The third frog 
was poisoned by a solution of the suspected extract. The number 
of beats per minute were now counted at definite intervals of time as 
follows :— 

TABLE XXL— ACTION OF DIGITALIN ON THE FHOG'S 
HEART. 



. ss^. 


VrcKNo.a. 
Poisoned by a known 
quantity of dleltaliil. 


Frog No. 3. 


So. ot beats per mlaate. 


No-ofbealBperroinoM). 


No. or beau p*r minute. 


After 6 minutes, 43 
" 10 " 40 
" 30 ■■ 40 
■' 28 '■ 3S 
" 81 " 36 


20 

18 irregular. 

15 






26 

34 irregular. 
30 

13 very irregular. 




In operating in this way—which is strictly comparative, and, with 
care, has few sources of error — if the heart of the frog poisoned with the 
unknown extract behaves in the number and irregularity of its con- 
tractions similarly to that of the digital in-poisoned heart, it is a fair in- 
ference that at all eveuts a " heart-poison" has been separated ; but it 
is, of coui'se, open to question whether this is a digitalin or one of the 
numerous groups of glucosides acting in the same way. If sufficient 
quantity has been separated, chemical reactions, especially the bromine 
test (Grandeau's test), may decide, but with the larger number (yearly 
increasing)" of substances acting similarly on the heart, great caution in 
giving an opinion will be necessary. 




GLUC08IDAL HEAET- POISONS. 



L— OTHER POISONOUS GLUC0SIDE3 ACTING ON THE 
HEART. 



^^^^imif 



Severul membera of these glucoaiJea have been recently studied by j 
iedeberg,* and bia convenient diviaions will bo followed hero :— 



1. CHYSTALLISABLE OLUCOSIDEa. 



Ajitiarin Ci,HgiOi. — Antiarm is an arrow poison obtained from the milky ] 
juice o( the -4 niwrts (nricana growing in Java. Antiarin isobtainedincrj-BtalB, * 
bj first treating the inapissaled milky juice with petroleum etlier to remove fatty j 
and other matters, and then dissolving the active principle out with absolute al- 
cohol. The alcohoUc eitraot is talteii up with water, precipitated with lead ace- 
tate, filtered, and frum the filtrate antiarin obtained by freeing tlio solutiou froni 
Itnd, and then evaporating. De Vry and Ludwig obtained about 4 per cent, 
from the juice. Antiarin is oryHtalline, the crystals coataining 8 atomsof water, 
Ita melting point is given as SSD'tF : the crystals are soluble in water (2r)4 t>arts J 
cold, 37'4 parta boiling), they are not soluble in benzene, and with difficulty in 1 
ether ; 1 part of antiarin requiring 2.792 parta of ether. 

The watery solution is not precipitated by metallic salts. On warming with 
dilute mineral acids, antiarin sphts up into a resin and sugar. Concentrated sul- 
phuric acid gives with antiarin a yellow-brown solution ; hydrochloric and nitrio 
acids strike no distinctive colours. 

Ejf'vtK. — Antiarin is essentially a muscular and b heart poison. When given' 1 
inasulBcient dose it kills a frog in from half an hour to an hour. Its moat J 
marked effect is on the cardiac muscle, the heart beate more and more slowly, 
IkOd at last stops, the ventricle being firmly contracted. As with digitalin. there 
is a very marked prolongation of the systole, and as with digitalin. after the beats 
have ceased, a forcible dilatation of the ventricle will restore them (Schmiede- 
berg)- It is doubtful whether by physiological ezjieriment antiarin could be dif- 
ferentiated from digitalin. 

Separation of Antiarin. — In any case of poisoning by antiarin, it would be ; 
best to extract with alcohol, evaporate, dissolve the alcoholic extract in water, 
precipitate with lead acetate, filter, free the filtrate from lead, and then, after al- | 
kalising with ammonia, shake the filtrate euccesaively with petroleum ether, ben- | 
Mne. and a small quantity of ether in the manner recommended at page 212, et 
teg. The liquid now freed from all fatty, resinous, and alkaloidal bodies b neu- ] 
ttaliaed and evaporated to dryness in a vacuum, and dry residue taken up with 
■hsolute alcohol, filtered, the alcohol evaporated at a very low temperature, and 
flnaJly the extract dissolved in a small quantity of water, and submitted to physio- 
logical tests. 

T?ie Active Principles of the fffWeSores.—TheChristmaaroee (Hells' I 
borvg niger) as well as //. viridis, H. ftefidus, and, in short, all the spe- 
M of hellebore, are poisonous, and, if the root ia treated by alcohol, from 

* BeUrSge ear Kentnim der Fharmakol. Qruppe dee DigtlaJint. 
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the alcoliolic extract may be separated two glueosides, h^eborin and 
helleborsin. 

Helhborin is in the form of white glittering needles, which, if placed 
on the tongue, are Almost tasteless, but if dissohed in alcohol, and then 
taated, give a burning numbing sensation, By boiling with zinc chloride, 
hoUeborin splits up into sugar and a resin — helieboresin. Concentrated 
sulphuric acid dissolves the crystals with the production of a beautiful 
red colour ; on standing the solution after a while becomes colourleas, 
and a white powder separates. 

Helleborein forma colourless crystals, mostly conBisting of fine 
needles ; they have a bitter taste, excite sneezing, and are very hygro- 
scopic. The crystals easily dissolve in water and dilute alcohol, but are 
with difficulty soluble in absolute idcohol, and uut soluble in ether. 
They dissolve in fatty oils. Helleborein splits by the action of mineral 
acids into sugar and amorphous helleboretiti. 

HelUborefin is in the moist condition of a beautiful violet-blue colour 
becoming, when dried at 100°, dirty green. Concentrated sulphuric acid 
dissolves it with the production of a brown-yellow colour, which on 
standing passes into violet and then into brown, 

Marrau separated from H. fcetidus, in addition, a white, intensely 
odorous substance, but too small in quantity to thoroughly investigate 
its properties. 

There is little doubt that hellebore owes its properties to the glueo- 
sides just described. There are several instances of poisoning by hellebore 
root,* and by the pharmaceutical preparations, but none of poisoning by 
the pure active principles. Morgagni mentions a case in which 2 grms. 
{nearly 31 grains) of the watery extract of if, niger caused death within 
eight hours; and Ferrari saw, after the use of the wine in which the 
root had been boiled, two persons poisoned with a like result. A more 
recent case was recorded by Pelletar, in 1875, in which a person died 
from an infusion of hellebore ; there was, however, old standing heart- 
disease, so that there may be a doubt as to the real cause of death in 
this instance. Schauenstein mentions a case in which the roots of helle- 
bore were accidentally used in soup, but the hitter taste prevented any 
quantity being eaten. The physiological action, especially of helleborein, 
is that of an intense heart poison, and the symptoms produced by the 
heliebores are so strikingly like those of the digital ins that it might 
be difficult to distinguish clinically between them. In any case of 
poisoning, the active principle must be separated in the form of an alco- 

* There used to be a tincture officinal in our pharniacopoeia : the root of 
H, viridis is officinal in the German piiarraacoi>ceia, maximum single dose, -8 
grm. : maximum tutal quautity in twenty .four hours, I 2 grm. The tincture Is 
also officinal on the Coatineut. 
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liolic extrect, and identified ae a heart poiaon by physiological experi- 
meut. 

£iionj/min ia found la a reain obtained from the Eaanymvi atropurpunnis ; 1 
it is crystalline, crystalUsing in colourteea. cauMower-like masses consiating of I 
groups uf stellata needlM, which are soliibte in wat«r, but with difficulty ia [ 
alcohol. It in a glucoeide and a powerful heart poison, 1 mgrm. causing the 
bean of a frog to cease in diastole.* 

Tlirttlin (C..H,.Oj).— A glucoaida which has been separated from the Thit- I 
retta nereifolia, and perhaps also from tlie Cerbera Odallain. It ia soluble in 
parts of water at 14°, and is easily Boluble in spirit, but not in ether. Ii 
coloured by sulphuric acid red-brown, passing into cherry-red, and then, ii 
few hours, into violet. On boiling with diluted acids, it splits up into sugar and ' 
theTereein. Both thevetin and thevereain are poweTfuI heart poisons. + > 

[JBSTANCES PARTLY CRYSTALLISABLE BUT WHICH ' 
AEE NOT GLUCOSIDES. 

SfropfMntin is a very poisonous substance which belongs physiologically to 
this group, hut doea not seem to be a glucoside. It is soluble in water and in 
alcohol, lees so in ether and chloroform. It is found in the kojnbi, mangaiyja, 
in^f or on/ijt. a. West African poison derived from the Stn^haiitkiu hitpidun of 
the family of the apoeynarea. The poison has been investigated by several 
obserrerB, [ 

Dr. Fraser considers, from his experiments, (1) That strophantin acta prim- 
arily on the heart, producing, as an ead result, heart paralysis, with j>eruianence 
of the ventricular systole. (3) He found the pulmonaiy respiration to continue 
in cold-blooded animals, many minutes after the heart was paralysed. (3) The 
striped niuBclea of the bixiy are affected, and twitches otcur in them ; their 
tooicity ia exaggerated, and finally their functional activity is destroyed. This 
rhaage is referred to an action on the muscular structure itself, independent of 
that upon the heart, and also independent of the cerebro-spinal nervous system, 
(4) The retlex action of the spinal cordis suspended after the heart is paralysed, 
but the motor conductivity of the spinal ciird and of the nerve trucks continue I 
sfttT the striped muficlea of the boiiy are paralysed. (S) The lymph-heartB 
o( the frog couCinue to contract for many minutes after tlie blood-heart has been 
paralysed. 

Apoeyiiin. — In the root of Apocyvum cannabiniim a nou-crystaUisable sub- 
Btance, soluble in alcohol and ether, but not soluble easily in water, haa been 
Beparalod and found to have a physiological activity similar to that of tha 
digitalinB.S? 

Schmiedeberg, Op. oil., from unpublished researches of Professor H. Meyer, 
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I, Arehivf. Exper. Path. v. Pharmakoh, Bd. v., S. 328. 
JHgitoxin (see antr, p, S8I>, belongs to this group. 
% Hardy etCallois, "Sur la malUre active dii Slntpliaiithui Bvipidtit 



Gat. Med. de Fttria ; Pelihan, Compl. Rend., t, 80, p. 1209, 1615 ; Sharpey, JVoe, 
Sot. Soo., May, 1865; Fagge and Stevenson, Pliam. Jownal, p. 11, 1865-66; 
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3. NON-CRTSTALLISABLE GLTJCOSIDES ALMOST INSOL- 
UBLE IN WATER. 

Scillain, or Scillitin, a glucoeide which haa been separated from th& 
bulbs of tlie common squill. It ia insoluble or nearly so in water, but 
easily dissolves in alcohol. It is little soluble in ether. It acts upon 
the heai't, and is poisonous. 

Adonidin, u very similar substance, has been separated from the 
root of the Adonis vernalis (Nat. Ord. Ranunculacea), to which the 
name of adonidin • has been given. It is an amorplious, colourless sub- 
stance, without odour ; soluble in alcohol, but with difficulty soluble in 
ether and water. It ia precipitated by tauuin, and on eapouificatiou by 
mineral acids, splits up into sugar and a substance soluble in ether. 
Tiie effects on animals are identical with those of digitalin. The root 
has been used recently in medicine, and found to slow the heart and in- 
crease the urinary secretion ; in this also it ia like digitalis. 

Oleandrin. — Oleander leaves contain two chemically-different, nitro- 
gen-free substances. The one is probably identical with digitalein ; but 
as this is not certain. Schmiodcberg proposes to call it provisionally 
neriifi. The other active substance is essentially the same as the olean- 
drin of Lukomske f and Betelli-t Oleandrin has ba.sio properties, and 
is separated in the form of an amorphous mass, soluble in alcohol, ether, 
and chloroform, and slightly soluble in water. Schmiedeberg obtained 
s third product from African leaves, which he calls nerianthin. This, 
on treatment with snlphuric acid and bromine, gives a beautiful colour 
peculiar to oleander leaves. It is very similar in physiological and 
chemical properties to digitalin, and is probably derived by decomposi- 
tion from one of the principles already described. There is also a pro- 
duct similar to digi tali resin. 

The active principles of the oleander are separated by digestion of 
the leaves Viitti alcohol of 50 per cent., and precipitating the alcoholic 
extract with lead acetate and ammonia. The first precipitate is yellow, 
and is probably composed of a tannin-like substance ; the nest precipi- 
tate is white, consisting of the lead compound of neriin. The precipi- 
tates are filtered off, and the filtrate concentrated; nerianthin, after a 

FrBBBT, Joum. of Anatom. and Fhyi., also Proe. of Roy. Soe.of Edin.; Poilloand 
Carville, Arch, de Phyaiol. Norm, et Fathol., 1878 ; G. Valentin, Zeitschr. f. Bio- 
logie, X. 188, 1874. 



* Cervello, Aivhiv fur Exp. Path. Fharm. . 1883, p. 888, 
t Hepert d* Chemie de Wurtt et Baresmm, t. iii. , p. 77, 1861 
X Bv.a. Med. di Bologna, t. xix., p. 831, 1866. 
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while, Beporates in light flocks, and tlie filtrate from this contaiuB Bome 
of the other products. 

NeTvin or Oleander Digilalin. — Neriinis, in the presence of much 
free mineral acid, precipitated by potass-bismuth iodide, a reaction first 
pointed out by Marmt,* as useful in the isolation of the helleborins ; or 
it may be precipitated by tannin, and then the precipitate decomposed 
by disaolving in alcohol, and evaporating it to dryness with zinc oxide 
on the water bath. It is next extracted by absolute alcohol, and pre- 
cipitated by the addition of much ether. The further purification con- 
sista of resolution in alcohol, and fractional precipitation by ether. If, 
however, the iKitass-bismuth iodide process is used, the liquid mnst be 
acidifieil strongly with sulphuric acid, and the precipitate washed with 
diluted sulphuric acid. The precipitate may be decomposed by baryta, 
filtered, and the filtrate freed from baryta by carbon dioxide ; the fil- 
trate from this contains ueriin with baric iodide ; it is, therefore, treated 
with silver sulphate, then again with baryta, next with carbon dioxide, 
and also witli SII, to get rid of the last trace of silver. 

The filtrate will also contain some oleandrin, which, by evaporating 
slowly in a vacuum, eepamtes gratlually in the form of a clear, resinous 
moss. It can be filtered off, and the neriin then may be precipitated 
pure by fractional precipitation. Its physiological action is the same as 
tliat of digitalcin. 

The nerium oleander has several times caused grave symptoms of 
poisoning, and they have usually fairly agreed with those produced by 
foxglove. For example, Maschka f relates the case of a boy, two years 
old, who ate two handfuU of the norium oleander. The effects com- 
monced in ten minutes, the child was uneasy, and vomited. In six hours a 
Bleepy condition came ou ; the face was pale, the skin cold, the pupils 
nntractod, and the pulse slow aud irregular. After the sickness the 
boy woke up, but again fell asleep, and this occurred frequently ; coffee 
t» given, which appeared to do good. The pulse was intermittent. 
On the following day the child was still ill, with an intermittent pulse, 
(reqnent vomiting, feebleness, sleeplessnejs, and dilatation of the pupil ; 
tbfffe was no diarrhoja ; on the contrary, the bowels were confined. Ou 
the third day recovery followed. 

In an Indian case,! tl*^ symptoms were altogether peculiar, and be- 
longed rather to the convulsive order. A wood-cutter, aged thirty-five, 
new Kholiqwre, took, for the purpose of suicide, a little over an ounce 



hr. /. Rat. if(d. [3 R.], Bd. xivi., 8. 1. 1966. 
t Vifrttljahrgsehri/t. Bd. ii.. No. 17, 18C0. Brit, and Fbr. Med. Chir. lUvUw, 
oLxjVL, p. 623, I8«0. 

( J^QMOC. oS ^^^- ""^ -Pfty- *«■ "/ BOfflJwy, 1859. 
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of the expressed juice of the oleaiider. The Bymptoma began so rapi31^ 
that he had not time to walJc five yards before he fell insensible ; he waa 
brought to the hospital in this state ; the face on ]iis arrival waa noticed 
to be flashed, the breathing stertorous ; there were violent Epa^modio 
contractions of the whole body, more marked on the left than on the 
right side. The effect of this waa remarkable. During the intervals of 
the spasm, the patient lay evenly on his back, and when the convulsion 
commenced the superior contraction of the left side threw him on the 
right, in which position he remained during the parosysm, after the sub- 
sidence of which he fell back into his old position. The evacuations 
were involuntary and watery ; the man was insensible, with frequent 
convulsions of tlie kind described, for two days, but on the third day 
became conscious, and made a good recovery. 

In any case of poisoning, the methods by which nerium and olean- 
drin are separated from the plant can be applied to separate them from 
the tissnes with more or less success. Here, as in all the other digitalin- 
like glucosides, physiological teats are alone o( value in the iinal identi- 
fication. 

nie Madagaacar Ordeal Poison. — To this group may also belong the poison 
of the Tauchinia ve-nniifcra, & tree in tho Islaud of Madagascar, the fruit ot 
■wliich ia used as an ordeal poison. It may be obtained in crystals , it is insolu- 
ble in water, and very poisonous. The upaa of tjiugapore ia also said to contain 
with etrychniue a glucoside aimilar lo untiariu. 

4. SUBSTANCES WHICH, WITH OTHER TOXIC EFFECTS, 
BEHAVE LIKE THE DIGITALDiS. 

ErythrophUiii ia an alkaloid, not a glucoside, and is obtained from 
the bark of the Erj/throphlcBum guineenae (Weafc Africa). It acis on 
the heart like digitalis, and has also effeota similar to picrotoxin. 
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Saponin {C^HuOi,) is a glucoside, which, in an impure state, haa 
been known under variona names, such ns struthin, quiilajin, senigin, 
polygahn, cithagin, monninin, and monesia, names anggesteU by the 
respective plants yielding the principle. 

Saponin was first discovered by Schrader in tho root of Saponaria 
officinalis, but it has since been found in a variety of other plants, more 
especially in those belonging to the natural order of clove- worts ( Ctaryo- 
phyllacem). A few of the plants known to yield saponin by appropriate 
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as follows: — Qypsopliila Struihium, Affrosiemma Oitbago 1 
(corn-cockle), Polygala Senega, Monnina polystachia, the boxk of the I 
Qttillaja aaponaria, and the Chrysophyllum glycyphltsum. 

Saponin is an undoubted poison, and it may bo of considerable im- 
portance to the chemical expert to be acquainted with the best methods of | 
txtra^ting it from organic enbatancea, since it is occasionally conveyed 
i»io flour by accident, the seeds of the common corn-cockle being gronjid I 
up with the wheat. The corn-cockle contains a notable proportion of 
saponin (see toL i. "Foods," p. 153). It is not impossible that eome of 
the roysterioua caaea of poisoning which have occurred from time to time 
after eating buns, cakee, or bix'ad, have been caused by this agent, tor 
laponiu would be overlo<Aed by routine and ordinary methods of toxico- 
logical research. I 

Properties. — Saponin is a white amorphous powder, very soluble in ' 
water, to which it gives the curious property of frothing just like soap i 
solution. To obtain this effect there must be at least 1 mgrm. in 1 cc. ' 
of liquid. Saponin is neutral in reaction, it has no odonr, but causes 
sneezing if applied to the mucous membrane of the nose ; the taste is at 
first sweet, and then sharp and acrid. It is almost entirely insoluble in 
abeolnt« alcohol, but dissolves in hot alcohol of 83° to separate again 
Dearly completely on cooling. It is precipitated by basic lead acetate, 
and also by baryta water, bat in each case it is advisable to operate on 
concentrated solutions. Picric acid, mercuric chloride, and alkalcidal 
" gronp reagents " give no precipitate. AVTicn a little of the solid sub- 
stance is treated with " Nessler" reagent, there is a greenish or yellow 
colour produced. A drop of strong sulphuric acid, mixed with a minute 
•jnantity of saponin, strikes slowly a bright red colour, which, on heat- 
ing, deci>ens to maroon-brown. Nordhaiiseu sulphuric acid shows tills 
better and more rapidly. If saponin is boiled with dilute acid it breaks up 
into sa]K)genin and sugar, and therefore the liquid after neutralisation 
^^dnces " Fehling." This reaction is after the following equation:— 

ft 



Sapomn. Sapogenin. Sugar. 

CaH«Ou-|-aH,0— C,.H„0,+30,HuO,. 



Bapogenin may be separated by evaporating the neutralised liquid to 
irynesB, treating the dry residue with ether, which dissolves out the aap- 
tigemn, and finally recovering the substance from the ethereal solution, 
Ud crystallising it from hot alcohol. Crystals are readily obtained if 
the alcoholic solution is allowed to evaporate spontaneously. A solution 
ol eaponin expose<l to the air gets turbid, and develops carbon dioxide ^ 
■aot nnfrequently the solution becomes mouldy. 

Effects. — Pelikan* has studied the effects of various saponins on. 
•Berl. Kl. Wochaehtr.. 86, 186. 
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frogs. One to two drops of a saturated watery solution of Baponm applied 
subcutOQeously to the leg, caused, in from 5 to 6 minutes, great weakness, 
accompanied by a loss of sensibility ; but strong mechanical, chemical, or 
electrical stimuli applied to the foot excited reflux action, for the ischia- 
tic nerve atUl retained its functions. Nevertheless, from the commeuce- 
ment, the excitabihty of the poisoned muscles was much weakened, and 
just before death quite disappeared. Section of the isehiatic nerve 
delayed the phenomena. Curarino did not seem to have any effect on 
the poisonous action. A concentrated solution applied to the heart of a 
frog soon arrests its beats, but weaker doses first excite, and then retard.* 

I have recently studied the general action of saponin on kittens, in- 
sects, and infusoria. Small doses, such as from 13 to 3^ mgrms. ( ^ to 
}^ grain), were injected beneath the loose skin at the back of the neck 
of a kitten, when there were immediate symptoms of local pain. In 
from 5 to 10 minutes the respiration notably quickened, and the animal 
fell into a lethargic state, with signs of general mueoular weakness ; just 
before death the breathing became very rapid, and there were all the 
signs of asphyxia. The pathological appearances after death were ful- 
ness in the right side of the heart, and iutenae congestion of the intesti- 
nal canal, the stomach generally being perfectly normal in appearance, 
and the kidneys and other organs healthy. The least fatal dose for a 
kitten seems to be 13 mgrms., or -04 grm. to a kilogram. f 

Action on Man. — The eSects of saponin on man have been but lit- 
tle studied ; it has been administered by the month in doses of from ■! 
to "2 grm., and in those doses seems to have distinct physiological effects. 
There is increased mucous secretion, and a feeling of nausea ; but 
neither diaphoresis nor diuresis has been observed. From the foregoing 
study it may be predicated that 2-6 grms. {40 grains), if administered 
flubcutaneously to an adult, would endanger life. The symptoms would 
be great muscular prostration, weakness of the heart's action, and 
probably diarrhcea. In fatal cases, some signs of an irritant or in- 
flammatory action on fho mucous membranes of the stomach and in- 
testines would be probable. 

Separation of Saponin. — Saponin is separated from bread, flour, 

and similar substances by the process given at p. 153, " Foods, voL i. 

The process essentially consists in extracting with hot spirit, allowing- 

the saponin to separate as the spirit cools, collecting the precipitate on a 

•J. Hoppe, Nervenwirkung der Heilmittd, H. 4. 37. 

+ The action of saponin when applied in concentratf d solution to flies is that 
of an intense irritant. There is protrusion of the sucker, and progreasive paraly- 
bU. The common infusoria live fur some time in dilute solutions of saponin— 
this is also true of some of the higher forms ; for example, OiCyleopa quadri- 
eomia seemed in no way affected by a 3 per cent, solution. 
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U, drying, disBOlving in cold water, and precipitating with absolute ] 
alcohol. In operating on animal tissues, a more elaborate proceaa 
ie necessary. I have aucceesfuliy proceeded as follows : — The finely i 
divided organ is digested in alcohol of 80 to 90 jter cent, strength, anj I 
boiled for a quarter of an hour ; the alcohol is filtered hot and allowed f 
to cool, when a deposit forms, consisting of fatty matters, and containing j 
any saponin present. Tlie deposit is filtered off, dried, and treated with 
ether to remove fat. The insoluble saponin remaining is dissolved in | 
the least possible quantity of water, and precipitated with absolute alco- 
hol. It is also open to the analyst to purify it by precipitating with I 
baryta water, the baryta compound being subsequently decomposed by i 
carbon dioxide. Basic lea>:l acetate may also be used as a precipitant, the I 
lead compound being as usual decomposed by hydric sulphide ; lastly, a 
watery solution may bo shakeu up with cliloroform, which will extract 
ea)>onin. By some of these methods selected, according to the exigencies 
of the ease, there will be uo difficulty in separating the glucoside in a 
turly pure state. The organ best to examine for saponin is the kidney. 
In one of my own experiments, in a cat poisoned with a suhcutnueoua 
dose of saponin ('2 grm.), evidence of the glucoside was obtained from 
the kidney alone. The time after death at which it is probable that 
Baponin could be detected is unknown ; it is a substance easily decom- 
[H^ed, and, therefore, success in separating it from highly putrid matters 
is not probable. 

Identification of Saponin. — An amorphous white powder, very solu- | 
bte in water, insoluble in cold alcohol or ether, having glucosidnl reac* 
lions, striking a red colour with sulphuric acid, imparting a soap-lika 
condition to water, and poisonous to animals, can be no other than 



-CERTAIS POISONOUS AKHYDKIDES OF 
ORGAKIC AL'IDS. 



I.— SANTONIN. 

Saotonin (Cu,H„Oj) ia a neutral principle extracted from the unei- 
pinded heads of various species of artemisia (Nat. Ord cornpostta). 
Theaeedfl contain, according to Dragendorff, 203 to 3'13 per cent, of 
antonin, and about 2-25 per cent, of volatile oil with 3 per cent, of fat 
and resin. Santonin forms brilliant, white, four-sided, flat prisms, in 
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taste feebly bitter. The cryBtals become yellow through age and ex- 
posure to light ; they melt at 169"^, and are capable of being sublimed ; 
they are scarcely soluble in cold water^ but dissolve in 250 parts of boil- 
ing water^ freely in alkaline water^ in 3 parts of boiling alcohol^ and in 
42 parts of boihng ether. Santonin is the anhydride of santonic acid 
(CuHiqOi). Santonin unites with alkalies to form santonates. Sodic 
santonate (CuHuNaO^ + 3}4 H«0) is officinal on the Continent ; it forma 
colourless rhombic crystals^ soluble in 3 parts of cold water. 

Poisoning by Santonin — Eighteen cases of poisoning, either by santon- 
in or santonin-holding substances^ which F. A.Falck has been able to col- 
lect, were nearly all occasioned by its use as a remedy for worms. A few 
were poisonings of children who had swallowed it by accident. With 
one exception those poisoned were children of from two to twelve years of 
age ; in Hve the flower-heads, and in thirteen santonin itself was taken. 
Of the eighteen cases, only two died (about 11 per cent.) 

Fatal Dose. — So small a number of children have died from santonin 
that data are not present for fixing the minimum fatal dose. 42 grm. of 
santonin killed a boy of five and a half years of age in fifteen hours ; a 
girl, ten years old, died from a quantity of flower-heads equal to '2 gmu 
of santonin. The maximum dose for children is from 65 to 194 mgrms. 
(1 to 3 grains), and twice the quantity for adults. 

Effects on Animals, — Experiments on animals with santonin have 
been numerous. It has first an exciting action on the centres of nerves 
from the second to the seventh pairs, and then follows decrease of excita- 
bility. The medulla is later affected. There are tetanic convulsions, 
and death follows through asphyxia. Artificial respiration lessens the 
number and activity of the convulsions, and chloroform, chloral hydrate, 
or ether, also either prevent or shorten the attacks. 

Effects on Man, — One of the most constant effects of santonin is a 
peculiar aberration of the colour-sense, first observed by Hufeland in 
1806. All things seem yellow, and this may last for twenty-four hours, 
seldom longer. According to Rose, this apparent yellowness is often 
preceded by a violet hue over all objects. If the lids are closed while 
the "yellow sight ^^ is present, the whole field is momentarily violet. 
De Martiny * in a few cases found the "yellow sight *' intermit and pass 
into other colours^ — e, g,, after 3 grm. there was first the yellow percep- 
tion, then giving the same individual '6 grm., all objects seemed col- 
oured red, after half an hour orange, and then again yellow. In another 
patient the effect of the drug was to give " green vision," and in a third 
blue. 

Hufner and Helmholtz explain this curious effect as a direct action 
on the nervous elements of the retina, causing them to give the percep^ 

♦ Qaz, des Hdspit, 1860. 
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Man of violet ; they are first excited, then e^austed, and the oye is 
"violet blind." On the other band, it has been suggested that santonin 
either colours the media of the eye yellow, or that there is an iucreasf; in 
the pigment of the macula lulea. I, however, cannot comprehend how 
the two last theories will account for the intermittency and the play of 
colours observed in a few cases. To the affections of vision are also 
often added hallucinations of taste and aniell ; there la headache tind gid- 
diness, and in fourteen out of thirty of Rose's observations vomiting oc- 
curred. The urinary secretion is increased. In large and fatal doses there 
are shivering of the body, clonic and often tetanic convulsions ; the con- 
Bcionsness is lost, the skin is cool, but covered with sweat, the pupils di- 
lated, the breathing becomes stertorous, the heart's action weak and 
slow and death occurs in collapse — in the case observed by Grimm in fif- 
teen hours, in one observed by Linstow in forty-eight hours. In those 
patients who have recovered, there has also been noticed convulsions and 
loss of consciousness. Sievekiug * has recorded the case of a child who 
took '13 gnn. {1*7 graim^) santonin ; an eruption of nettle rash showed 
itself, but disappeared within an hour. 

Post-mortem Appearances. — The post-mortem appearances are not 
characteristic. 

Separation of Santonin from the Contents of the Stomach, £c. — It is 
specially important to analyze the fceces, for it hus been observed that 
§orae portion goes unchanged into the intestinal canal. The urine, also, 
of pei^ons who have taken santonin, possesses some important peculiari- 
ties. It becomes of a peculiar yellow-green, the colour appearing soon af- 
ter the ingestion of the drug, and lasting even sixty hours. The colour 
may be imitated, and therefore confused with that which is produced by 
the bile acids ; a similar colour is also seen after persons have been tak- 
ing rhubarb. Alkalies added to urine coloured by santonin or rhubarb 
strike a red colour. If the urine thus reddened is digested on zinc dust, 
santonin urine fades, rhnbarb urine remains red. Further, if the red- 
dened urine is precipitated by escesa of milk of lime or baryta water and 
filtered, the filtrate from the urine reddened by rhubarb is colourless, in 
that reddened by santonin the colour remains. Santonin may be isolated 
by treating substances containing it with warm alkaline water. The 
water may now he acidified and shaken up with chloroform, which will 
dissolve out any santonin. On driving off the chloroform the residue 
should be again alkalised. dissolved in water, and acidified with hydro- 
chloric acid, and shaken up with chloroform. On this way, by operating 
several times, it may be obtained very pure. Santonin may be identified 
by its dissolving in alcoholic potash to a transitory carmine-red, but the 
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best reaction is to dissolve it in concentrated sulphuric acid, to which n 
very little water haa been added, to warm on the water bath, and then to 
add a few drops of ferric chloride solution in the warm acid ; a ring of a 
beautiful red colour passing into puri>le surrounds esich drop, and after 
a little time, on continuing the heat, the purple passes into brown. 



n— MEZEREOX. 






The Daphne Mezereuvi (L.) — Mezereon, an indigenouB shrub belong- 
ing to the Thymeleacew, is rather rare in the wild state, but very fre- 
quent in gardens. Tlje flowers are purple and tiie berries rod. Bnck- 
heira isoljited by means of ether an acrid resin, which was converted by 
saponifying agents into mezarek acid ; the acrid resin is the anhydride 
of the acid. The resin is presumed to be the active poisonous constit- 
uent of the plant, but the subject awaits further investigation. There 
are a few cases of poisoning on record, and they have been mostly from 
the berries. Thus, Linne haa recorded an instance in which a little girl 
died after eating twelve berries. The symptoms observed in the recorded 
cases have been burning in the mouth, gastro-enteritis, vomiting, giddi- 
ness, narcosis, and convnlsions, ending in death. 



DIVISION IV.— VARIOUS VEGETABLE POISONOUS PEU 
PLES— NOT ADMITTING OF CLASSIFICATION UNDER 
THE PREVIOUS TUEEE DIVISIONS. 



I.— ERGOT OF RYE. 
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Ergot is a peculiar fungiis attacking the rye and other graminaceous 
plants ;• it haa received various names, Clavtcepa purpurea (Tulasne), 
Spermeedia clavus (Fries), SderoHum clamia, (D.C.) &c. The peculiar 
train of symptoms arising from the eating of ergotiaed grain {culminat 
ing occasionally in gangrene of the lower limbs), its powerful action on 
tho pregnant uterus, and its styptic effects, are well known. 

The general use of the drug by accoucheurs has, so to speak, popu- 
larised a knowledge of its action among all classes of society, and its 
• Some of the Oyperaeeif are also attacked. 
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^HMuinal employment as an abortive appears to be on the increase.* I 
The hcallhy grain of rye, if examined microscopically in thin eec- 1 
tione, is seen to be composed of the seed-coating, made up of two lay- I 
ere, beneath which are the gluten-cells, whilst the great bulk of the seed I 
is composed of cells containing starch. In the orgotiaed grain, dark lal- 1 
most black) cells replace the aeed-coat and the gluten-cells, whilst the 
large starch-containing cells are filled with the small cells of the fungus 
and nnmeroiis drops of oil. ' 

'Hie Chemical Constituents of Ergot are a fiied oil, trimethylaminc, ' 
certain active principles, and colouring-matters. I 

'The fixed oil is of a brownish-yellow colour, of aromatic flavour and 
acrid taste ; its specific gravity is Qd'ii, and it consists chiefly of palmi- 
lin and olein ; it has no physiological action. I 

^^^ft Trimethylamine is always present ready formed in ergot ; it can also ] 
^^^broduced by the action of the potash on ergot. I 

^^V^ With regard to the active principles of eryot considerable confusion j 
SbU exists, and no one has hitherto isolated any single substance in such 1 
BStateof purity as to inspire confidence as to its formula or other chem- I 
ical characters. They may ho, however, briefly described. 1 

C. Tametf has separated an alkaloid, which appears identical with 1 
Wenzel's erffolim'ne. To obtain this the ergot is extracted by ulcohol of 
86°, the spirit removed by distilUition, and the residue cooled ; a resin I 
(which is deposited) and a fiitty layer (which floats on the surface) ara J 
separated from the extractive liquor and washed with ether ; the ethe- j 
real solution is filtered and shaken with dilute sulphuric acid, which i 
takes up the alkaloid ; the aqueous solution of the sulphate is then j 
filtered, rendered alkaline by KHO, and agitated with chloroform, ] 
The ergotinine is now obtained by evaporating the chlorofonn solution, < 
^Mre being taken to protect it from contact with the air. It gives pre- 
'cipitates with chloride of gold, potassium iodohydrargyrate, phos]>ho- 
molybdio acid, tannin, bromine water, and the chlorides of gold and 
platinum. With moderately concentrated SO,H^ it gives a yellowish- 
Ted coloration, changing to nn intense violet, a reaction which does not 1 
<Kcnr if the alkaloid has been exposed to the air. The compos'tion of 1 
the base is represented by the formula CfJI^uNiO^ and a crystalline sul- ] 
phate and lactate have been obtained. J 1 

Wenzel's Ecboline is prepared by precipitating the cold watery ex- 1 
tract of ergot with sugar of lead, throwing out the lead in the usual way I 
by hydric sulphide, concentrating the liquid, and adding mercuric \ 
* The RiiasiaD peasantry use the drug for the same purpose, llde Mackensie 
^^^Bfllsce's "Russia.'' 1-, p- 117. J 

^^^m^Camja. Bendua, vol. TXTi.,p.83e. 1 

^^^H.| Compt. Rendvt, April, 18T8. J 
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chloride, which precipitateB only the ecboline. The mercury aalt is now 
deoompoBed with hydric Biilphide, and after the mercury precipitate has 
been filtered off, tlie filtrate is treated with freshly precipitated phos- 
phate of silver, and refiltered ; lastly, the liquid is shaken up with milk 
of lime, again filtered, and the lime thrown out by CO^ The last 
filtrate contains ecboline only, and ia obtained hy evaporation at a gentle 
heat. It is an amorphous, feebly bitter substance, with an alkaline 
reaction, forming only amorphous saltB. 

The most recent reaearch by Dragendorff on ergot tends to show 
that Wenzel's alkaloids, ergotinine and ecbohne, are inaotlTe. Dragen- 
dorff describes also (a.) Scleroinuoin, a slimy substance which goes into 
Bdlution upon extraction of the ergot with water, and which is again 
precipitated hy 40 to 45 per cent, alcohol. It is colloidal and soluble 
with difficulty in water. It contains nitrogen, but gives no albuminoid 
reaction, nor any reaction of an alkaloidai or glucosidal body ; it yields 
to analysis — 
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cent. Water, 

Ash. 
, Carbon. 

, Hydrogen. 

, Nitrogen. 
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(J.) Sclerotic Arid. — A feebly-acid substance, easily soluble in water 
and dilute and moderately concentrated alcohol. It paBsos, in associa- 
tion with other coustituents of the ergot extract, into the diffusate, 
when the extract is submitted to dialyals ; but after its separation in a 
pure state it is, like scleromucin, colloidal. It is precipitated by So to 
90 per cent, alcohol, together with lime, potash, soda, silica, and man- 
ganese, but after maceration, with hydrochloric acid, the greater part of the 
aah constituents can be separated by a fresh precipitation with absolute 
alcohol. The sample gave 40-0 per cent, of carbon, 5-2 per cent, hydro- 
gen, i-'i per cent, nitrogen, 50-6 per cent, oxygen, with 3-4 per cent, of 
ash. Sclerotic acid forms with lime a compound that is not decom- 
posed by carbonic acid, and which npon combustion loaves from 19 to 
20 per cent, of calcium carbonate. Both those substances are active, 
although evidently impure. Sclerotic acid is sold in commerce, and haa 
been employed subcutaneously in midwifery practice in Eusala and Ger- 
many for some time. 

The inert principles ot ergot are : (1) A red colouring matter, 
Sclererj/thrin, insoluble in water," bnt soluble in dilute and strong- 
alcohol, ether, chloroform, dilute solutions of potash, ammonia, &o. It 
can bo obtained by dissolving in an alkali, neutralising with an acid. 



EKGOT. 407 

ml sliftldng up with ether. Alcoholic solution of sclcreiythrin givea 
with alumiuum sulphate, ami with zinc chloride, a splendid red mix- 
ture ; with salts of calciom, barinin, and many of ilie heavy metals, 
it givea a bine precipitate ; the yield ia only ■! to -05 in a thousand 
parts. 

(i.) Another colouring matter, dissolving in concentrated sulphuric 
acid with the production of a fine blue violet colour, the discoverer 
named Scleroidin, This is not soluble in alcohol, ether, chloroform, 
water, but dissolves in alkaline solutions, potash producing a eplcni 
violet colour ; yield about 1 per 1000. 

(3, 4.) Two crystalline substances, which maybe obtained from ergot 
powder, first treated with an aqneona solution of tartaric acid, and the 
colouring-matters extracted by ether. One Dragendorff names Sclero- 
cry*talUn (C„HwO,); it is in coIourJoss ncedlcB, insoluble in alcohol and 
water, with difficulty soluble in ether, but dissolving in ammonia and 
potash solutions. The other crystalline substance \& thought to be 
merely a hydrated compound of sclerocrystallin. Both are without 
pliy Biological action. 

Detection of Ergot in Flour (see vol. i. '• Foods," p. 154). — The best 
process is to exluiiist the flour with boiling alcohol. The alcoholic solu- 
tion is acidified with dilute sulphuric acid, and the coloured litfuid ex- 
amined by the spectroscope in thicker or thinner layers, according to the 
depth of colour. A similar alcoholic solution of ergot shoidd be made, 
sod (he spcctnim compared. If the flour is crgotised the solutioa will be 
more or less red, and show two absorption bands, one in the green, and a 
broader and stronger one in the blue. On mixing tlie original solution 
with twice its x-olumo of water, and shaking succeiisive portions of this 
liquid with ether, amyl alcohol, benzene, and chloroform, the red colour, 
if derived from ergot, will impart its colour to each and all of these sol- 
vents. 

Pharmaceutical Preparations. — Ergot itself is officinal in all the 
pharmacoptBios, and occurs in grains from }i to 1 inch in length, and 
about the same in breadth, triangular, curved, obtuse at the ends, of a 
purple colour, covered with a bloom, and brittle, exhibiting a pinkish 
interior, and the microscopical appearances already detailed. Ergot may 
also occur as a brown powder, posgessiug the unmistakable odour of the 
drug. A liquid extract of the B.P, is prepared by exhausting the ergot 
of fat by ether, digesting the marc in water at IGOT,. and evaporating ; 
spirit is then added, and the liquid filtered from the precipitate which is 
formed. The extract of the Continental pharmacoptniaa is very similar. 
It has been found in practice that tht' addition of a little snlphnrie acid 
aids in preaerving the strength of the uxtraot, which will, therefore, be 
generally found acid, containing from 12 to 14 per cent, of solid matters. 
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and yielding from '022 to '028 of the albuminoid nitrogen when distilled 
with alkaline permanganate of potash. A tincture and an infusion are 
also officinal ; the latter is very frequently used, but seldom sold, for it 
is preferable to prepare it on the spot. Tlia tincture experience has 
shown to be far inferior in power to the extract, and it is not much 
used. 

Dose. — The main difficulties in the statement of the medicinal doBe, 
and of the minimum quantity which will destroy life, are the extreme 
yariability of different samples of ergot and its readiness to decompose. 
A full medicinal dose of ergot itself, as given to a woman in labour, is 
4 grms. (01-7 grains), repeated every half hour. In this way enormous 
doses may be given in some cases without much effect. On the other 
hand, single doses of from 1 to 4 grms. hare caused serious poisonous 
Bymptoms. The extract and the tincture are seldom given in larger 
doses than that of a drachm as a first dose, to excite uterine contraction. 
In fact, the medical practitioner has in many cases to experiment on his 
patient with the drug, in order to discover not only the individual sus- 
ceptibility, but the activity of the particular preparation used. From the 
experiments of Nikitin, it is probable that the least fatal doae of sclero- 
tic acid for an adult man is 20 mgrms. per kilogrm. 

Ergotism. — Ergotised cereals have played a great part in various epi- 
demics, probably from very early times, but the only accurate records re- 
specting them date from the sixteenth century. According to Dr. Tia- 
sot,* the first recorded epidemic was in 1590, when a strange, spaamodio, 
convulsive disease broke out in Hesaia and the neighbouring regions. 
It was probably due to spurred rye. In Voigtlander, tlie same disease 
appeared in 1648, 1649, and 1675 ; in 1702 the whole of Freiberg was 
attacked. In Germany and in France successive epidemics are described 
throughout the 18th century. In France, in 1710, Ch. Noel, physician 
at the Hutd Dieu, had no less than fifty oases under treatment at the 
flame time. 

It ia generally said that in 1630, Thuillier, in describing an ergot 
epidemic which broke out in Cologne, first referred the cause of the 
disease to spurred rye. 

It is interesting to inquire into the mortality from this disease. In 
1770, in an epidemic described by Taube, in which 600 were aSocted, 
16 per cent, died. In a nincteeuth-ccntury epidemic {1855), in which, 
according to HuBemann, 30 were ill: 3.3-3 per cent. died. In other 
epidemics, according to Heusinger. out of 102, 13 per cent, died ; ac- 
cording to Griepenkerl. out of 155, 25 or 16 per cent, died ; and, accord- 
ing to Meyer, of 283 cases, 6 per cent, died, 

* Dr. TiBsot in Phil. Tram., vol. Iv., p. IM, 1765. This Is a Latin letter by 
Dr. Baker, and gives a goodhiatorj of the various epidemics of erf;otiam. 
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Tiro fonns of chronic poisoning by ergot — one & Bjiasmodic 
tona, the other the gangrenous form. 

TTie Convulsive Form of Ergotimn, mostly begins with some celebral 
disturbance. Tht-re are apiirka before the eyes, giddiness, noises in the 
ears, uiid a creeping feuling about the body. There is also very com- 
monly aiiffisthesia of the fingers and toes, and later of the extremities, of 
the back, and even of the tongue. Diarrhoea, vomiting, colic, and other 
dgne of intestinai irritation seldom fail to be present ; there are also te- 
tanic spasms of the musclea, rising iusome cases to ^re 11 -marked tetanus ; 
epilepsy, faintings, aberrations of vision, amaurosis, and amblyopia are 
frequent ; tlie skin becomes of a yellow or earthly colonr, and is covered 
with a cold sweat ; boils and other eruptions may break out ; blebs, like 
those caused by hums or scalds, have in a few cased been noticed. Death 
may occur in from i to 13 weeks after the eating of the spurred grain 
from exhaustion. In those individuals who recover, there remain for 
Bome time weakness, contractions of groups of muscles, aneemia, or affec- 
tions of vision. 

TIte Gangrenous Form of Ergotism. — In this form there is gen- 
erally acute pain in the limb or limbs which are to mortify ; and there 
may be prodromata, similar to those already described. The limb swells, 
is covered with an erysipelatous blush, but at the same time feels icy 
cold ; the gangrene is generally dry, occasionally moist ; the mummified 
parts separate from the healthy by a moist ulcerative process ; and in 
this way the toes, fingers, legs, and even the nose, may be lost. During 
the process of separation there is some fever, and pyiemia may occur 
with a fatal result. 

Fontenelle described a case in which a rustic lost all the toes of ona 
foot, then those of the other ; after that, the remnant of the first foot, 
and lastly the leg. But probubly the most extraordinary case of gan- 
grene caused by the use of ergot is ihat which occurred at Wattisham, 
Suffolk, in the family of a labouring man named John Downing. He 
had a wife and six children of various ages, from fifteen years to four 
months. On Monday, January 10th, 1702, the eldest girl complained of 
ft pain in the calf of her left leg: in the evening her sister, aged ten, 
also experienced the same symptoms. On the following Monday, the 
mother and another child, and on Tuesday all the rest of the family ex- 
cept the father become affected. The pain was very violent. The baby 
at the breast lived a few weeks, and died of mortification of the ex- 
tremities. The limbs of the family now began to slough off, and the 
following are the notes on their condition made by an observer. Dr. C. 

Kton, F.RS,, on April 13 :— 
The mother, aged 40, Kight foot off at the ankle, the left leg 
ed ; a mere bone left, but not off. 
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Elizabetb, aged 13. Both legs oflE below the knees. 

Sariih, aged 10. One foot off at the ankle. 

Robert, aged 8. Both legs off below the knees. 

Bichard, aged 4. Both feet off at the ankle. 

Infant, four montha old, i 

The father was also attacked a fortnight after the rest of the family, 
and in a slighter degree — the pain being confined to the fingers of his 
right hand, wliich turned a blackish colour, and were withered for some 
time, but ultimately got better. 

Ah a remarkable fact, it ia specially noted that the family were in 
other respecta well. They ate heartily, and slept soundly when the pain 
began to abate. The mother looked emaciated. " The poor boy in par- 
ticular looked as healthy and florid aa possible, and was sitting on the 
bed, quite jolly, drumming with his stumps," They lived, as the country 
people at that time usually lived, on dried peas, pickled pork, bread and 
cheese, milk, and small beer. Dr. WoUaston strictly examined the corn 
with which they made their bread, and he found it " very bad ; it was 
wheat that had been cat in a rainy season, and had lain in the ground 
till many of the graina were black and totally decayed." • 

Symptoms of Acute Poisoning by Ergot. — In a fatal caee of poison- 
ing by ergot of rye, recorded by Dr. Da\-idson,f in which a hospital 
nurse, mt. 28, took ergot, the symptoms were mainly vomiting of blood, 
the passing of bloody urine, intense jaundice, and stupor. But in other 
cases, jaundice and vomiting of blood have not been recorded, and the 
general course of acute poisoning shows, on the one hand, sj-mptoms of 
intense gastro-intestinal irritsitiou, as vomiting, colicky pains, and diar- 
rhoea ; and, on the other, of a secondary affection of the nervooa system, 
weakness of the limbs, aberrations of vision, delirium, retention of uriue, 
coma, and death. 

Physiological Action as shown by Expfriments on Animals. — In 
spite of numerous experiments on animals and man, the action of the 
ergot principles remains obscure. It has been found in medicine to 
eiert a specific action on the uterus,! causing powerful contractions of 

• In the mi. Traiu. for for 1782 there are two atrictly concordant accoontB of 
this case : and in the parUh ctiurcb of Wattisham. there ia said to be a memorial 
tablet, which ruus an follows:— "This iuacriptioii aarves to authenticate the 
truth of a sinpilar calamity which suddenly happened to a poor family In this 
parish, of which six persons loet their feet iiy a mortification not to be accounted 
for. A full narrative of their case is recorded in the Parish Register and PhSo- 
topAieal Tranmetiotis for 1T02." 

• Lancet. Sept. 30, 1833. 

) In a case in which the author was engaged, a dabbler m drugs, having 
seduced a young woman, administered to her dosee of ergot which prttduced ■ 
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t organ, uepecially in labour. It is also a hiemoBtatic, and ia used to 
check bleeding from the liinga and other interuiil organs of the body. 
This hKmoatatic action, as well as tlie extraordinary property possessed 
by ergot, of producing an arrest or disturbance of tho circolation induc- 
ing gangrene has iiaturaliy led to the belief that ergot causes a narrowing 
in the calibre of the BmiiU arteries, but this has not received the necessary 
experimental sanction. Holmes,* Eberty, Kohler,t and Wernick.J all 
obserTed a contraction in the part to which the ergot was applied, both 
in frogs and in warm-blooded animals ; but L. Hermann,§ although he 
made many experiments, and used the most different preparations, nuver 
succeeded in observing a contraction. It wonld also seem reasonable to 
expect that with a narrowing of the vessels, which means a peripheral 
obstruction, the blood-pressnre would rise, but, on the contrary, the preB- 
mre siuka, a fact on which there is no division of opinion. 

Nikitin has made some researches with pure sclerotic acid,- which 
certainly possesses the most prominent therapeutic effects of ergot ; but 
since it is not the only ioxic substance, it may not represent the collect- 
ive action of the drug, just in the aamo way that moiphine is not equiv- 
alent in action to opium. Cold-blooded animals are very seuaitive to 
sclerotic acid ; of the warm-blooded the camivorffi are more sensitive 
than the hcrbivone. The toiic action is specially directed to the central 
nervous system — with frogs, the reflex excitability is diminished to full 
paralysis ; with warm-blooded animals reflex excitability is only dimin- 
ished, and continues to exist even to death. 

The temperature falls, the breathing is slowed, and the respiration 
stops before the heart ceases to beat ; the peristaltic action of the intestines 
is qnickened, and the nterus (even of non-pregnant animals) is thrown into 
contraction. The terminations of the sensory nerves are paralysed by the 
direct action of the sclerotic acid, but Uiey remain intact with general poi- 
Goning. Thehcartof frogsiBslowedbyacleroticacid. Eberty observed that 
'this slowing of the heart (he used ergotin) was produced even after destruc- 
tion of the spinal cord ; he therefore considered it as acting on the inhib- 
itory nerve apparatus of the heart itself. Koesbach, using Wonzeln'e 

xoiflcarriB^. and for that ofTence was convicted, The defence raised was that 
VTgot is a common medicine used by physicians in the treatment of amenoirhcea, 
And other uterine affectiong. dJtbough in itself this statement was imrfectly 
true, ui a defence it was invalidated by the large dose given, the fact of tho 
seduction , and the other circumstances of tlie case. 

*Arekiv d. Phy»iol. Norm. u. Pathol., iii., p. 884. 

( Vdter die Wirknngen des Seeule Cornutum. Dissert. Halle. 187B. 

t Arch. f. /•tithot. A/uit.. h-i. , p. son. 

% LAHmeh d«r Etrptr. Ibxirotogie. Berlin, 1874. p. 386. 
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ecbolin, has also studied its action on tlie heart of the frog, and obt 
that the slowing affected the ventricles rather than the auricles, so that 
for one ventricle-systole there were two contractions of the auricles ; 
besides which, the contractions themselvea were peculiar and abnormal 
in character. The cause of death from sclerotic acid aeems to be paralysia 
of the respiration. It is said not to affect animal fcetal life. With re- 
gard to the effects produced by feeding animals with ergotised grain, 
experiments made during the last century have proved that it produces 
a gangrenous disease — e. g.,C. Salerno mixed one part of spurred rye with 
two of good barley, and fed pigs with the mixture ; a few days after- 
wards the pigs perished with dilated, hard, and black bellies and offens- 
ively ulcerated logs ; another pig fed entirely ou the rye, lost its four feet 
and both ears. 

Separation of the Active Principles of Ergot from Animal Tis- 
sues. — There has been no experience in the separation of the constitu- 
ents of ergot from the organs of the body ; an attempt might be made on 
the principles detailed in page 407, bat sacceES is doubtful. 



TT.— PICROTOXTN. THK ACTIVE PRINCIPLE OF THE COrcr- 
LUS mDIOUS (INDIAN BERRY, LEVANT NUT). 

The berriea of the Menispermum cocculus comprise at least three 
definite crystalline principles: me?iispermine,*-parameni3permine (nitTogen 

•Jtfe»t8j>ermiii«(C,BH,.N.O,;), discovered in 1834 by Pelletier and Courbe, ia 
associated with a Becond named paramenUpermine. The powdered berries are 
ezttacted by alcohol of 36* ;the picrotoxin removed by hot water from the alco- 
holic extract ; the menispermiae and paramenispermiue dissolved out togettker 
by acidulated water, and from this solution precipitated by ammonia. The brown 
precipitate is dissolved in acetic acid, filtered, and again precipitated by ammo- 
nia. This precipitate is dried, treated with cold alcohol, to separate a yellow res- 
inous substance, anil lastly with ether, which dissolves out the menispermiae, but 
leaves the paramenispermine, 

Menispermine forms white semi-transparent, four-aided, truncated prisms, 
melting at 12(P, decomposed at a higher temperature, insoluble in water, bat dis- 
solving in warm alcohol and ether. Combined with 8 atoms oE water it crystal- 
list^ in needles and prisms. The crystals are without any ta^te ; in combioatioD 
with acids, salts may be formed, 

ParameHispermiiu forms four-sided prisms, or radiating crystalline majWM, 
melting at S50°, and subhming undecompoaed. The crystals are soluble in abso- 
lute ether, insoluble in water, and scarcely soluble in ether. 

Parameniapermine dissolves in acids, but apparently without forming defi- 
nite salts. 



PICKOTOXIN. 

costaming bases), and picrolozin, which poseeaees some of the charocten 1 
of an acid. 

Picrotoxin (Ci,n„0|j) was discovered in 1820 by Bonllay. It is 1 
nsaiilly preiMired by extracting the berries with boiling alcohol, distilling 
the alcohol ofi, boiling the alcoholic residue with a large quantity of 
water, purifying the watery extract with sugar of lead, concentrating the 
colourlesa filtrate by evaporation, and crystallising the picrotosin out of 
water. 

Picrotosin crystallises out of water, and also out of alcohol, in col- 
oarlcBs, flexible, four-sided prisms, often arborescent, and possessing a 
eilky lustre. They are unalterable in the air, soluble iu 150 parts of 
cold, and 26 parts of boiling, water, diasolviug euaily in acidified water, 
lu spirit, in ether, in amyl alcohol, and chloroform. They are without 
«nieU, but have an extremely bitter tozte. Caustic ammonia is also a 



The crystals are neutral and bitter. They melt at a gentle heat to a 
yellow mass ; at higher temperatures giving off an acid vapour, with 
a caramel-like odour, and lastly carbonising. Picrotoxin in cold concen- 
trated sulphuric acid dissolves with the production of a beautiful gold- 
yellow to saffron-yellow colour, which becomes on the addition of a trace 
of potassic bichromate violet, passing into brown. An alcoholic solution 
turns a ray of polarised light to the left [n]/— =-28*l''. 

Picrotoxin behaves towards strong bases like a weak acid. Its com- 
jmunda with the alkalies and alkaline earths are gummy and not easily^ 
obtained pure. Compounds with quinine, cinchonine, morphine, strjch- 
Dine, and bmcinc can be obtained in the crystalline condition. Dilute 
sulphuric acid transformsit. with iiasimilation of water, into a weak gum- 
my-like acid, which corresponds to the formula CuH|,0,. Nitric acid 
oxidises it to oxalic acid. Nitropicrotoxin and bromopicrotoxin (C„H,, 
(N0,)0„ and C[,IT „Br,Oj), can by appropriate treatment be obtained. 

Concentrated aqueous solutions of alkalies and ammonia decompose 
picrotoxin fully on warming. It reduces alkaline copper solution, and 
coionrs bichromate of potash a beautiful green. The best test for its 
presence is, however, as follows : — The supposed pictrotoxin is carefully 
dried, and miied with thrice its bulk of saltpetre, the mixture moistened 
with sulphuric acid, and then decomposed with soda-lye in excess, when 
ftere is produced a transitory brick-red colour. For the reaction to suc- 
oeed, the picrotoxin should be tolerably pure. 

Solutions of picrotoxin are not precipitated by the chlorides of plat- 
bam. mercury, and gold, iodides of potash, ferro and fcrrid-cyanides of 
potash, nor by picric nor tannic acids. 

Fatal Dose. — Vossler killed a cat in two hours with a dose of "IS 
ftm. (1*8 gisin) ; and another cat, with the same doae, died in 45 min- 
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utes. Falck destroyed a young hound -witli -06 grm. (-02 grain) in 
24 to 26 minutes. Given by Bubciitaneoua or intravenous injection, it is, 
OS might be expected, still more ietlial and rapid in its effects. In an ex- 
periment of Falck'a, '03 {'46 grain), injected into a veiu, destroyed a 
strong hound within 20 nunutes ; -016 grm. (-24 grain) injected under 
the skin, killed a guiuea-pig in 22 minutes ; and '012 gi"m. (-IS grain) a 
hare in 40 minutes. Hence it may be inferred tliafc from 2 to 3 grains 
(12'9 to 19'4 centigrms.) would, in all probability, be a dangerous dose 
for an adult person. 

Effects OH A nimals. — The toxic action of picrotoxin on fish and frogs 
has been proposed as a teat. The aymptoms observed in fish are mainly 
as followH : — The fish, according to the dose, show uncertain motions of 
the body, lose their balance, aud finally fiuut to the surface, lying on one 
aide, with frequent opening of the mouth and gill-covers. These symp- 
toms are, however, in no way diatiuguisliable from those induced by any 
poisonous substance iu the water, or by many disoaaea to which fiah are 
liable. Nevertheleas, it may be conceded that in certain cases the test 
may be valuable — if, e.g,, beer be the matter of research, noue of the 
methods used for the extraction of picrotosin will be likely to extract 
any other substance having the [Kiiaonotis action described on fish, bo 
that, as a confirmatory test, this may be of use- 
Frogs, under the iuflueuce of picrotoxin, become first uneasy and 
reatlesa, and then somewhat somnolent ; but after a short time tetanic 
convulsions set in, which might lead the iuexpcrienced to imagine that 
the animal was poisoned by strychnine. There is, however, ouo marked 
distinction between the two — viz., that in picrotosiu poisoning an extra- 
ordiuary awelliug of the abdomen has been observed, a symptom which, 
BO far as known, is due to picrotoxin alone. The frog is, therefore, in 
this instance, the most suitable object for physiological testa. 

Beer extract containing picrotoxin is fatal to flies ; but no definite 
conclusion can be drawn from ihis, since many bitter prineiples (notably 
quassia) are in a similar manner fatal to insect life. 

Effects an Man. — Only two fatal cjisoa of poisoning by picrotoxin are 
on record. In 1829 several men suffered from drinking rum which had 
been impregnated with Coccrihis inducus ; one died, the rest recovered. 
In the second case, a boy, aged twelve, swallowed some of the composi- 
tion which was used for poisoning fish, the active principle of which was 
Cocculu/t indicvs ; in a few minutes tlie boy experienced a burning taste, 
he had pains in the gullet and stomacli, with frequent vomiting, and 
diarrh(Ba. A violent attack of gastro-enteritis supervened, with fever 
and delirium ; he died on the nineteenth day. The post-mortem signs 
were those usual in peritonitis : the stomacli was discoloured, and its 
coats thinner and softer than was natural ; there were also other changetf, 






POISON OF ILLICIUM KBLIGI08UM. 415 | 

imt it IB obviona that, as the death took place so long after tlio eventj any 
pstbological signs found are scarcely a guide for future uases. 

Physiological Action,. — The convulsiona are eoasidered to arise from 
an escitation of the medulla oblongata ; the yagns centre is stimulated, 
and causes spasm of the glottis and slowing of the heart's actiou during 
the attack. Rohrig also saw strong contraction of the uterus produced 
by picrotoxin. According to the researches of Crichton Browne, chlor- 
tU hydrate acts in antagonism to picrotosin, and prevents the conmlsionB 
in animals if the dose of picrotoxin is not too large. 

Separation from Organic Matters. — Picrotoxin is extracted from 
aqueous acid solutions by either chloroform, amyl alcohol, or ether ; the 
first is the most convenient. Benzene does not extract it, if employed in 
the same manner. On evaporation of the solvent the crude picrotoxin 
can be crystallised out of water, and its properties examined. 



L 



m.— THE POISON OF ILLICIUM RELI6I0SUM—A JA- 
PANESE PLANT. 

A new poisoB belonging to the picrotosia class has been described by Dr. A. 
liUig&ard. Id 1880. five children in Japan were poisoned by the seeds of the lUi- 
dum retigioKitm; three of the children died. Dr. Langaard then made various 
experinieDta on animals >vith an active eictract prepared by exhaustion with spirit, 
and ultimate solution of the extract in water. Eykmann baa also imperfectly ex- 
amined the chemistry of the plant, and ha.s succeeded in ieoiating a crystalline 
body which ie not a glucoside ; it is soluble in hot water, in chloroform, ether. al~ 
cohol. and acetic acid, but it is insoluble in petroleum ether ; it melts at 17S°, and 
above that temperature gives an oily sublimate. Langasrd's concluaious are 
that all paTt« of the plant are poisonous. The poison produces excitation of the 
central apparatus of the medulla oblongata and clonic convulsions analogous to 
thoee produced by picrotoxin, toxiresin and oicntoxin. Before tbe occurreuce of 
couvulHioas, the reflex excitability of frogs is diminished, the respiratory centre is 
stimulated, hence frequency of the respiration. Small doses cause slowing uf the 
pulse through stimulation of the vagus and of the peripheral terminations of the 
vagus; in the heart the functional activity is later dimimshed, Small doeetj kill lij 
paralysing the respiratory centre, large by heart paralysis. The proper treatment 
seems to be by chloral hydrate, for when animals are poisoned by small lethal 
dtwes it appears to save life, although when the dose is large it has no effect. — 
^ptbtrdie Oi/tiirirkuiig.von Jajmninchem Stemanis {lUicium reiigioaum. Sieb.); 
k Arikiv, Bd. Ixxxvi., 1881, S. 333. 

TV.—CICFTOXIN. 

The Cicuta viroen, a not very common umbeliiferons plant growing 
in moist ptacee, is extremely poiBonons. It is from 3 to -1 feet in height. 
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with white flowers ; the umbels are large, the leaves are tripartite, the 
leaflets linear lanceolate, acute, serrate decurrent ; the calyx hufi five leaf- 
like teeth, the petals are obcurdate witii an inflexed point ; the carpels 
have five equal broad flattened ridges with solitary stipes. Bohm* suc- 
ceeded, in 1876, in soparating an active principle from this plaiit. The 
root was dried, powdered, and exhiiusted with ether ; on evaporation, of 
the ether the extract was taken up with alcohol, and after several days 
standing the filtrate was treated with petroleum ether ; after removing 
the petroleum, the solution waa evaporated to dryness in a vacuum; it 
was found to be a resinous mass, to which was given the name ckufox- 
in. It waa fully soluble iu alcohol, ether, or chloroform, and was very 
poisonous, but what its exact chemical nature may be is still unknown. 

Effects on An imals.—'-iahcutaneQusly injected into frogs, cicutoxiu 
acta something like picrotoxin, and something tike the barium com- 
pounds. Ton to fifteen minutes niter tiie injection the animal assumes 
a peculiar posture, holding the legs so that the thigh is stretched out far 
from the trunk, and the leg at right angles with the thigh; voluntary mo- 
tion is only induced by the strongest stimuli, and when the frog springs 
ho falls down plump with stiffly stretched-out limbs. The frequency of 
breathing is increased, the muscles of the abdomen are thrown into con- 
ti-action, and the lungs being full of air, on mechanical irritation there 
is a peculiar loud cry, depending upon the air being forced under the 
conditions detailed through the narrow glottis. Tetanic convulsions fol- 
low, gradually paresis of the extremities appears, and, lastly, full paraly- 
sis and death ; the^te symptoms are seen after doses of from 1 to 2 mgrms. 
The lethal dose for cats is about 1 centigrm. per kilo, Diarrhcea, sah- 
vation, and frequent breathing are first seen, and are followed by tonic 
and clonic convulsions, then there is an interval, during which there is 
heightened excitability of reflex action, so that noises will excite convul- 
sions. Small doses by exciting the vagus slow the pulse ; larger doaes 
quicken the pnlse, and raise the arterial pressure. Oicutoiin is supposed 
to act specially on the medulla oblongata, while the spinal cord and the 
brain are only secondarily affected. 

Effects an Man. — F, A. Falck was able to collect thirty-one cases of 
poisoning by cicuta ; of these 14 or 46-2 per cent, died. The symptoms 
are not dissimilar to those described in animals. There are pain and 
burning in the stomach, nausea, vomiting, headache, and then tetanic 
convulsions. These, in some cases, are very severe, and resemble those 
induced by strychnine ; but in a few cases there is early coma without 
convulsions. There is also difficulty or absolute impossibility of swallow- 
ing. In fatal cases the respiration becomes stertorous, the pulso small, 
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flpnpUS dilated, and the face cyanotic, and death occnra within somfl 1 
four hours, and in a few coaes later. The fatal dose is unknown. 

tieparalion of Cicutoxin from the Body. — An attempt might t 
made to extract cicutoxin from the tisBues on the same principlfs t 
those by which it has been separated from the plant, and iduntifiod by I 
physiological experiments. In all recorded cases, identification has been I 
neither by chemical nor physiological aids, but by the recognition of por- 
tions of the plant. 



VI.— CENANTHE CKOCATA. 



^H v.— ^THUSA CYNAPIUM (FOOL'S PARSLEY). 

This plant has long been considered poisonous, and a number of 
cases are on record in which it is alleged that death or illness resulted 
from its use. Dr. John llarley,* however, in an elaborate paper, has , 
satisfactorily proved the innocence of this plant, and has analysed the 
cases on record. He has experimented on himself, on animals, and on . 

I men, with the expressed juice and with the tincture. The results were j 
entirely negative : some of the published ca&es he refers to couium, and | 

g jth era to aconite, 

^^" The Water Hemhck.\ — This, a poisonous unbelliferous plant, indig- 
enous to England, and growing in moist places such as ditches, &c., is in ' 
flower in the month of August. It resembles somewhat celerj', and the 
Toot 18 something like the parsnip, for which it has been euten. All ' 
parts of the plant are said to be poisonous, but the leaves and stalks only . 
slightly 80, while the root is very deadly. We unfortunately know noth- 
ing whatever about the active principles of the plant; its chemistry has ] 
jet to be worked out. M. Toulmouche {Om. Med., 1846} has recorded, 
as the expert employed in the case, an attempt to murder by using the ] 
. • St. Thofnaa' Honp. Beporls. N. B., 1875. 

1 1 The earliest treatiBp on poisoning by the wat*r-hemlock is by Wepfer. CiVti- 

lat. Hintoria el Norte. lfl7B: for cases see Trojanowaky, Dorp. Med. Ztg., 

IB: Meyer. Mfl. Zeitg. f. Preussen. 1842 ; Suhlesier in CaBper's WoehmKhri/t, 

; Maiy, (E»ter. Med. Worhfiiifhr., 1^44; Badgeley, Montreal Med. Oaz..i8U; 

Lendf r. ricrirlj. f. Oer. Med.. 1865; Ganipf. Coin. Pharm. Zeitg.. 1875 ; and tie \ 

m of Taylor ood othera. 
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oenan/he as a poison ; a woman Bcraped the root into her huaband'a soup 
with evil intent, but the taste was unpleasant, and led to the detection 
of the crime. The root has been mistaken Beveral times for parsnip and 
other edible roots, and has thus led to poisonings. The ease of 36 sol* 
diers poisoned in this waj, in 1758, has been recorded by Orfila ; there 
waa one death. In 1803 three soldiers were poisoned at Brest — 1 died. In 
Woolwich, BoBsey witnessed the poisoning of 21 convicts who at« the 
roots and leaves of the plant — fj died. In 1858 there wore several sailors 
poisoned in a similar way — 2 died ; while there have been numeroua 
cases in which the plant has been partaken of by children. 

The effects of the poison may be gathered from a case of poisoning* 
which recently occurred at Plymouth ; a Greek sailor, aged thirty, foond 
on the coast what he considered " wild celery," and ate part of the root 
and some of the stem. Two hours after this hs ate a good meal and felt 
perfectly well, but fifteen minutes later he suddenly and violently vomit- 
ed ; the whole contents of the stomach were completely evacuated. In 
five minutes he was completely unconscious, and had muscular twitch- 
ings about the limbs and face. There was a copious flow of a thick tena- 
cious mucus from the mouth which hung about the lips and clothing in 
viscid strings. Twenty-four hours after the poisoning he waa admitted 
into the South Devon Hospital apparently semi-comatose ; his legs 
dragged, and he had only feeble control of them ; the extremities were 
cold, but there was general free sweating. He could be roused only with 
difficulty, There were no spasms, the pupils were dilated and sluggish, 
the respiration only 14 per minute. Twelve hours after admission ho 
became warmer, and perspired freely ; he slept continuously, but could 
easily be roused. On the following day he was quite conscions, and made 
a good recovery. Two companions who had also eaten a smaller quanti- 
ty of the hemlock dropwort, escaped with some numbing sensations, and 
imperfect control over the extremities. In the Woolwich cases the symptoms 
seem to have been something similar ; in about twenty minutes, one man, 
without any apparent warning, fell down in strong convulsions, which 
soon ceased, altliough he looked wild ; a little while afterwards his face 
became bloated and livid, his breathing stertorous and convulsive, and he 
died in five minut«s after the first symptoms had set in. A second died 
with similar symptoms in a quarter of an hour, a third died in abont an 
hour, a fourth in a little more than an hour ; two other cases also proved 
fatal, one in nine days, the other in eleven. In the two last cases there 
were signs of intestinal irritation. The majority of the others fell down 
in a state of insensibility with convulsions, the after-symptoms being 
more or less irritation of the intestinal canal. 

Poat-tnortem Appearances. — It was noticed in the Woolwich casea 
• Lancet, Dec. 18, 1982. 
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that those ■who died quickly hail congestion of the cerebral vesaels, and, 
in one inBtance, there was oven eitravadation of blood, but the man who 
died first of all had no congestion of the cerebral yessels. The lining 
membrane of the wind-pipe and air tuboa was intensely injected with 
blood, and the lungs were gorged with fluid blood ; the blood in the 
heart wa;s black and fluid. The stomach and intestines were externally 
of a pink colour. The mucous membrane of the stomach was much 
corrugated, and the folhclea particularly enlarged. In the two pro- 
tracted cases the stomach was not reddened internally, but the vessels of 
_,, f the brain were congested. 



VIL— OIL OF SAVIN. 

The leaves of the Sabina communis, or common savin, an ever- 
green shrub to be found in many gardens, contains a volatile oil, which 
has highly irritant properties. Savin leaves are occasionally used in 
medicine, maximum dose 1 grm. (15'4 gi-ains). There is also a tincture 
— maximum dose, 3 cc. (abont 45 mins.) — and an ointment made 
by mixing eight parts of sa^-in tops with three of yellow wax and sixteen 
parts of lard, melting and digesting for twenty minutes^ and then strain- 
ing through calico. 

The oil of savin is contained to the extent of abont 2 per cent, in 
the leaves and 10 per cent, in the fruit. It has a peculiar odour, its 
specific gravity is -89 to -94, and it boils at 155° to 160°. An infusion of 
Bavin leaves (the leaves being drank with the liquid) is a {wpnlar and 
very dangerous abortive 

It is stated by Taylor that oil of mvin has no abortive effect, save 
that which is to be attributed to its general effect upon the system, but 
this is erroneous. Rohrig found that, when administered to rabbits, it 
had a very evident effect upon the pregnant uterus, throwing it into a 
tetanic contraction. The action was evident after destraction of the 
spinal cord. The plant causes great irritation and inflammation, 
whether applied to the skin or taken internally. The symptoms are 
excruciating pain, vomiting, and diarrhoea, and the person dies in a 
kind of collapse. 

In a case in which I was engaged some years ago, a woman, pregnant 
by a married man, tnok an unknown quantity of infusion of savin to[is. 
She was violently sick, suffered great pain, with diarrhcea, and died in 
about twenty-sis hours. The pharynx was much reddened, and the gul- 
let even congested ; the stomach was inflamed, and contained some 
greenish matter, in which I was able to detect savin tops, as well as to 
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sepamte by distillation a few drops of strong Bavin-like emelling oil. 
The time whiuli would elapse between the swiillowing of the poison and 
the commeucement of the pain was an important factor in this case, for 
the man was accused of having supplied her with the infusion. 
From the redness of the pharynx, and, generally, the rapid irritation 
caused by ethereal oila, I was of opinion that but a few minntes must 
have passed between the taking of the liquid and the sensation of con- 
siderable burning pain, although it is laid down in some works, ad for ex- 
ample Falck'a Toxicologie, that commonly the symptoms do not com- 
mence for several hours. Symptoms which have been noticed in many 
cases are — some considerable irritation of the urinary organs, such as 
strangury, bloody urine, &c. ; in a few cases vomiting of blood, in others 
anfethesia, convulsions, and coma. Death may occur within twelve 
hours, or may be postponed for two or three days. 

Post-morfum Appearances. — More or leas inflammation of the 
bowels, stomach, and intestinal tract, with considerable congestion of 
the kidneys, are the signs usually found. 

Separation of the Poison and Ideniification. — Hitherto relianoe 
has been placed entirely on the finding of the savin tops, or on the 
odour of the oil. There is no reliable chemical test. 



Vm.— CEOTOIf OIL. 



t ae J 



Croton oil is an oil expressed from the seeds of Crolon Tiglium, 
plant belonging to the natural order Euphorbiaeete, growing in the West 
Indies. The seeds are ovul in shape, not unlike castor-oil seeds, and 
about three-eighths of an inch in length. Both the seeds and the oil 
are very poisonous. The chemical composition of croton oil can scarcely 
be considered adequately settled. The most recent view, however, seema 
to be that it contains a fixed oil (C,n„0,) with certain glyceridea,* On 
saponifying and decomposing the soap a series of volatile fatty acida can 
be distilled over, the principal of which are methyl crotonic acid, with 
small quantiries of formic, acetic, iso-butmc, valeric, and perhaps pro- 
pionic, and other acids. The peculiar properties of croton are due 
rather to the fijed oil than to the volatile principles. The only oflScinal 
preparation in the British pharmacopceia is a "croton oil liniment," con- 
taining one part of croton oil to seven of equal parts of oil of cajnpnt 
and rectified spirit. 

• O. Scfamidt, jirvh. hartn. [8] 13, 218-229, Schlippe. Liehig's AniuiJen. 100, 
1. Oenther and FrOhiich, Zetlsehrift f. Ckem., 1870, 26 and 549 ; Joum. Chem. 
BoeUty, Aliirch 1ST9, p. 231. 
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DosB. — The oil ia given medicinally as a powerful purgative in doses 
np to C5 mgrms. (about a grain). It ia used esterniiUy aa au irritant or 
Tesicaiit to tlii; skin. A very dangerous dose would be from fifteen to 
twenty times tlie medicinal dose. 

Effects. — Numuroua cases of poisoning from large doses of croton 
oil are recorded in mediciil literature, but the sufierers iiavo mostly 
recovered. The ayraptoms are pain, and eicesaive purging and vomits 
ing. 

In the cose of a chemist,! ^'^'^ ^'^'^'^ ^<i^^ ^u ounce of impure croton 
oil instead of cod-liver oil, the purging was very violent, and he had 
more than a hundred stools in a few hours ; there was a burning pain in 
the gullet and stomach, the skin waa cyanosed, the pupils dilated, and 
great falntuess and weakness were felt, yet the man recovered. A child, 
aged four, recovered from a teiispoonful of the oil given by mistake 
directly after a full meal of bread and milk. In five minutes there 
were vomiting and violent purging, but the child was well in two days. 
A death occurred in Paris, in 1839, in four hours after taking two and 
a half drachms of the oil. The symptoms of the sufferer, a man, were 
those jast detailed, namely, burning pain in the stomach, vomiting, and 
purging. Singularly enough, no marked change was uoticL'd in the 
mucous membrane of the stomach when examined after death. An aged 
woman died in three days from a teaspoonful of crotoii-oil embrocation ; 
in this case there were convulsions. 

In the case of Reg. v. Ma»sey a'td Ferrnud* the prisoners were 
charged with causing the death of a man, by poisoning his food with 
jalap and six drops of croton oil. The victim, with others who had 
partaken of the food, suffered from vomiting and purging ; he became 
Wtter, but was subsequently affected with infiammatiou and ulceration 
of the bowels, of which he died. In this case it was not clear whether 
tho inflammation had anything to do with the jalap and croton oil or 
not, and the prisoners were acquitted. In a criminal ca^ in the United 
States, a man, addicted to drink, was given, when intoxicated, two 
^hma of croton oil in a glass of whiskey. He vomited, but was not 
purged, and in about twelve hours was found dead. The mucoua 
iieajbrane of the stomach and small intestines proved to bo much in- 
^ed, and in some parts eroded, and croton oil was separated from the 

Posl-moriem Appearances. — Inflammation of the stomach and intes- 
ti&M are the signs usually found in man and animals. 

• Jiiftu tie Thieape^it.. May. 1881. 
\Orfaa,t. L,i>. 108. 
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Chemical Analysis. — The oil may be separated from the contents of 
the stomach by ether. After evaporation of the ether, the blistering or 
irritant properties of the oil should be essayed by placing a droplet on 
the inside of the arm. There is no chemical t^t short of a complete 
analysis which could not be applied to the small quantities likely to be 
separated in a tozicologicaJ examination. 



PART VI.— POISONS DERIVED FROM LIVING OR DEAD ANIMAL 
SUBSTANCES. 



DIVISION I.— POISONS SECRETED BY LIVING ANIMALS. 



L— POISONOUS AMPHIBU. 



The glands of the skin of certain amphibia possess a secretion that 
is poisonous ; the animal is unable to empty the poison glands b; any 
Toluntary act, but the secretion can readily be obtained by pressure. 
Zalesky found the juice in the skin glands of the salamandra vtaculosa, 
milky, alkaline in reaction, and bitter in taste. He isolated from it aa 
organic base, which he named Samandrine (CjjHmN,Ob); it is soluble in 
water and in alcohol, and forms salts. Samandrine is a strong poiaoa; 
injected snbcutaiieously into rabbits it causes shivering, epiletiform con- 
vulsions, and salivation; then tetanus, followed by oppressed respiration^ 
dilated pupils, and antesthesia. Death occurred after a kind of paralytic 
state. When given to dogs, it caused vomiting. In frogs, tetanus, 
occurred first and then paralysis — the result of all the experiments being 
that aamandrino acted on the brain and spinal cord, leaving the heart 
and muscular substance unaffected. A Gimilur secretion obtained from 
the water salamander {Triton cristalus), caused, according to Vulpian, 
the death of dogs in from three to eighteen hours ; the symptoms being 
progressive weakness, slowing of the respiration, and depression of the 
heart's action. 

The secretion of the skin of the common toad contains, according 
to Foruara. an alkaloid which is soluble iu alcohol, and to which the | 
name of phrynine has been applied ; its action is toiic on all animals ex- 
perimented upon, save toads. Administered to frogs, it causes rapid 
paralysis of the heart, and the breathing soon after ceases ; the mosdes 
become early rigid. 

► II.— THE POISON OF THE SCOKPION. 

There are several species of scorpions. The small European variety j 
[Beorpio tvropeng) is found in Italy, the south of France, and tha I 
Tyrol; the African scorpion (Bolhus a/er, L.). which attains the length I 



424 



POISOSS : THBLR EFFECTS AND DETECTION. 



of 16 cm,, is found in Africa and the East Indies ; Atidroctonus Hcolor 
in Egypt ; and the Androclonus oecitanus in Spain, Italy, Greece, and 
North Africa. 

In the last joint of the tail the Gcorpion is provided vith a poiaonoos 
apparatus, consisting of two oval glands, the can;il of which leads into 
a round bladder, and this last is connected with a sting. When the 
sting is inserted, the bladder contracts, and expels the poison through 
the hollow sting into the wound. The smaller kinds of scorpion sting 
with jis little general effect as a hornet, but the large scorpion of Africa 
is capable of producing death. There is first irritation about the wound, 
and an erysipelatoua inflammation, which may lead to gaugreuo. Vo- 
miting and diarrhcea then set in, with general weakness and a fever, 
which may last from one to one and a half days ; in the more serious 
oases there are fainting, delirium, coma, convulsions, and death. 

Valentin made some experiments on froga with the Aitdroctonm 
occitanvs. He found that soon after the sting the animal remains quiet, 
but on irritation it moves, and is thrown into a transitory convulsion ; to 
this follow twitchings of single muscular bundles. The frog is pro- 
gressively paralysed, and the reflex irritability is gradually extinguished 
from behind forwards ; at first the muscles may be excited by electrical 
stimuli to the nerves, but later they are only capable of contraction by 
direct stimiili. 



III.— POISONOUS FISH. 

Many species of fish possess in portions of the body a property which 
produces, when eaten, all the effects of poison. This is true, for example) 
of the perches, gurnards, flounders, spares, gobies, sardines, and globe- 
fiahes, the last including two forms, diodon and telrodon. Tho parts moflt 
dangerous are the spawn and liver. Not a few fishes can be eaten safely 
when young, but afterwards they become unwholesome, as, for instance, 
Lelhrinus mambo. Sometimes it would seem that a poisonous property 
is imparted to an otherwise wholesome fish from its food ; thus it has 
been noticed that the Meletta wnenosa is only poisonous when it feeds on 
a certain gri-en monad. The usual symptoms of poisoning by fish are 
nausea, vomiting, dinrrhtea, great depression of the pulse, and painful 
cramps in the limbs. As examples of the intensely poisonous nature of 
certain fish may be cited cases of poisoning by the diodon, and some ex- 
periments on the goby. 

In the Linnfan Transactions for November, 18B0, is recorded a 
fatal accident, which took place on board the Dutch ship " PostUIion" 
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i Simon's Bay, Cape of Good Hope. The boatswain and purser's stew- 
ard partook of the liver ot the load or ball-bladder (diodon) ; withm twenty 
miuntes the Kteward died ; in ten minutes the boatswajn waa violently 
ill ; the face flushed, the eyes glistening, and the pupils contracted ; . 
there was cyanosis of the face, the pulso was weak and intermittent, and 
swallowing was difficult, the breathing became embarrassed, and the 
iKtdy generally paralysed. Death took place in seventeen minutes. The 
liver of one fish only is said to have been eaten. This might weigh 
four drachms. If the account given is literally correct, the intensity ot 
the poison equals that of any known substance. 

The poisonous nature of the goby has also led to several accidente, 
and we possess a few experiments made by Dr. Collas,* who fed chickena 
with different parts of the fish, and proved that all parts were alike poi- 
sonous. The effects were slow in developing ; they commenced in about ' 
in hour or an hour and a half, and were well developed in five hours, 
mainly consisting of progresaivo muscular weakness and prostration. 
Death occurred without convulsions. 
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It is probable that all spiders are poisonous ; the only species, how- 
wer, of which we have any definite information relative to their poi- 
Bonons properties, are Lyom tarantula and the Lafrodectus malmigna- 
his. to which may be added the New Zealand katipo. These epidera 
a poisonous gland connected with their masticatory apparatus, 
jVUch secretes a clear, oily, bitter acid-reacting fluid ; the acidity seems 
to formic acid. 

ZangriUi has observed several cases of tarantula bite ; soon after the 
'"(Iwnrrence the part bitten is antesthetic, after a few hours there are con- 
TuUive shiveringB of the legs, cramps of the muscles, inability to stand, 
tpMin of the pharyngeal muscles, quickening of the pulse, and a three 
a»j8 fever, with vomiting of yellow, bilious matter ; recovery follows 
*tt«r copious perspiration. In one case there was tetanus, and death on 
the fourth day. The extraordinary effects attributed to the bite of the 
*>faatula, called tarantism in the Middle Ages, are well detailed by 
H«iker:t this excitement was partly hysterical and partly delirious, and 
w not been observed in modern times. 

•Sft-.SW. H<T.,July 19. 1863: Bn(. and for. 3fed.C7»>. Ber., Oct., 1863, p. 586 
f "The Epidemics of the Middle Ages." by J. F. C. Hecker, translated by B, 
ft Bibiiigtou. M.D., F.E.8. (I7ie Dawing Mania, chap. ii.. &c.) 
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Dax haa described the effects of the bit« of the L. vialmignatus ; 
cccufiioned headache, muscular weakness, pain in the back, cramps, and 
dyspnoea ; the eymptoma disappeared after several days. 

The katipo is a small poisonous spider confined to New Zealand. 
Mr. W. n. Wright has recorded the ease of a person, who, in 1865, was 
bitten by this spider on the shoulder. The jiart rapidly became swollen, 
jiud looked like a large nettle-rash wheal ; in an hour the patient could 
hardly walk, the respiration and circulation were both affected, and there 
was great rauscnlar prostration ; but he recovered in a few hours. Itt 
other cases, if the accounts given are to be relied upon, the bite of the 
Bpider hsia produced a chronic illness, accompanied by wasting of the 
body, followed by death after periods varying from aii weeks to three 
months.* 

Aiifs. — The various species of anta possess at the tail special glands 
which secrete /ormt'c acid. Certain e sot ie species of ants are provided 
with a sting, but the common ant of this country has no special piercing 
apparatus. The insect bites, and then squirts the irritating secretion 
into the wound, causing local symptoms of swelling and inflammation- 

Wasps, iSc.— Wasps, bees, and hornets all possess a poison-bag and 
sting. The fluid secreted is as clear aa water, and of an acid reaction, it 
certainly contains formic acid, with some other poisonous constit- 
uent. An erysipelatous inflammation generally arises around the sting, 
and in those cases in which persons have been attacked by a swarm of 
bees, signs of general poisoning, such aa vomiting, fainting, delirium, 
and stupor, have been noticed. Death has occasionally resulted. 

Cantharides. — Commercial cantharides is either the dried entire, 
or the dried and powdered blister-beetle, or Spanish fly {Cantharis vesv- 
^atoria. The moat common appearance is that of a greyish-brown pow- 
der, containing shining green particles, from which cantharidin is read- 
ily extracted by exhausting with chloroform, driving off the chloroform 
by distillation or evaporation, and subsequently treating the extract with 
disnlphide of carbon, which dissolves the fatty matters only. Finally, 
the canthariilin may be recrystallised from chloroform, the yield being 
■380 to -570 per cent. Ferrer found in the wings and their cases, ■083 
per cent; in the head and antenna, '088: in the legs, -091; in the 
thorax and abdomen, -240 ; in the whole insect, -278 per cent. Wolff 
■found in the Lytta aspera, -815 per cent. ; Ferrer in ^fylabrls cichorei, 
■1 per cent, ; in M. punctum, -193 ; and in if. puslulata, -33 per cent 
of cantharidin. 

Canlharidm {CtH„0,) has two crystalline forms— fl) Right-angled 

four-sided columna with four surfaces, each surface being beset with 

" TratMtc. of the New Zealand Inst, vol. ii,, 1869. Brit, and Far. Med. Chir. 

Btview, July, 1871, p. 280. 



CANTHARIDBS. 



42T ' 



SMiilee J aiiil (2) flat tables. It beliures like the anhydride of an scid. 
It is soluble iu lilkalioo liquids, and can bo rocovered from them by 
acidifying and shaking up with el/ifr, chloroform, or benzene; it is 
almost completely insoluble in water. 100 parts of alcohol (99 per cent. ) 
diaaolve at 18" 0-125 part; 100 of bisulphide of carbon, at the same 
temperature, 0'06 port ; ether, '11 part ; chloroform, 1-3 part ; and ben- 
zene, '2 part. Cantharidin can be completely sublimed, if placed in the 
subliming cell (described at p. 229), floating on mercary ; a scanty 
sublimate of crystals may be obtained at so low a temperature as 82'5'* ; 
at 85° and above, the sublimatioD is rapid. If the cantharidin is suddenly 
heated it melts, but this is not the case if the temperature is raised 
gradually, Potassio chromate with sulphuric acid decompoaes cantha- 
ridin with the production of the green oxide of chromium. An alkaline 
Bolntion of potassic permanganate, iodic acid, and sodium amalgam, are 
all without influence on an alcoholic solution of cantharidin. With 
bases, cantharidin forma crystal! isable salts, and, speaking generally, if 
the base is soluble in water, the " cantharidate " is also solable ; the lima 
and magnesic salts dissoire readily. 

Phamiacevtical Preparations of Canlkarides. — The P. B. prepara- 
tions of cantharidea are — Aceium cantharides, or vinegar of cantharides, 
containing about '04 per cent, of cantharidin. 

Tincture of caniliarides, containing about '005 per cent, of cantha- 
ridin. 

A solution of cantharides for blistering purposes. Liquor epispaa- 
ticvs, a strong solution of the active principle in ether and acetic acid, 
Qoataining about '16 per cent of cantharidin. 

There are also — An ointment ; a blistering paper, CJtarta epispatica j 
a blistering plaster, Emplastrum carttharides ; and a warm plaster, Svi^ 
plait rum calefaciens. 

Fatal Dose — It ie difficult to state the fatal dose of cantharidin, the 
nnadsaved powder or tincture having mostly been taken. A young 
woman died from 1'62 grm. (25 grains) of the powder, which is perhiips 
equivalent to 64 mgrms. {■! grain) of cantharidin, whilst the smallest 
doee of tincture known to have been fatal is (according to Taylor) im 
(Mince. This would be generally equivalent to 15 mgrma. ("24 grain), 
Hence the fatal dose of cantharidin may be approximately stated as from 
fi mgrma npward. Bnt, on the other hand, recovery has taken place 
irom very large doses. 

Effects on AmmaU. — Certain animals do not appear snaceptible to 

the action of cantharidin. For example, hedgehogs and swallows ara 

aid to be able to take it with impunity. Radecki * found that cantha- 

ricttn might even be injected into the blood of fowls without any injnrr, 

H • ft'fl Cantharidin Vergit. , Diss. . Dorpat. 1806. 
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and frogs also seem to enjoy the same impunity; while dogs, cats, ^w 
other animala are sensitive to the poison. Gulippe ascertained that after 
the injection of 5 mgrme. into the yeina of a liog, there was exultation of 
the sesnal desire ; the pupils were quickly dilated; the dog sought a 
dark place, and became sleepy. Animals when poisoned die in asphyxia 
from paralysis of the respiratory centre. Schachowa" made aomo obser- 
vations on the effect of cantharidea on the renal excretion of a dog fed 
daily with 1 grm. in powder. On the third day, pus corpuscles were 
noticed ; on the (iftli, bacteria ; on the thirteenth, the urine contained a 
large quantity of fatty matters, and several casts ; and on the seven- 
teenth, red shrivelled blood corpuscles were observed, 

EfferAs on Man. — Heinrich f made the following experiments upon 
himself : — Thirty living blister-beetles were killed, and digested, without 
drying, in 35 grms. of alcohol for fourteen days ; of this tincture ten drops 
were taken. There ensued immediately a feeling of warmth in the mouth 
and stomach, salivation, the pulse was more frequent than in health, 
there was a pleasant feeling of warmth about tJie body, and some sexnal 
excitement lasting three hours. In half an hour there was abdominal 
pain, diarrhtea, and tenesmus, and frequent painful micturition. These 
symptoms subsided in a few hours, but tboro was a want of appetite, 
and pain about the kidneys lasting until the following day. In a second 
experiment, on taking 1 cgrm. of cantharidin, there were very serious 
sj-mptoms of poisoning. Blisters formed on the tongue, and there was 
salivation, with great difficulty in swallowing, and a general feeling of 
illness. Seven hours after taking the poison, there were frequent mictu- 
ritions of bloody urine, diarrhica, and vomiting. Twenty hours after 
the ingestion tliB face was red, the skin hot, the pulse twenty beats 
beyond the normal pulsation, the tongue denuded to two-thirda of its 
extent of its epithelium, and the lips and mucous membrane red and 
swollen; there was great pain in the stomach, intestines, and in the 
neighbourhood of the kidneys, continuous desire to micturate, burning 
of the urethra, and swelling of the glands. Tliere was no sexual 
excitement whatever ; and tlie urine was ammoniacal, and contained 
blood and pus, the symptoms gradually subsided, but recovery was not 
complete for fourteen days. 

The foregoing is a fair picture of what may be expected in can- 
tharides poisoning. It is remarkable that the popular idea aa to the 
influence of cantharidin in exciting the sexual paasion, holds good 
only as to the entire cantharides, and not i>'itli cantharidin, It is 
very possible that cantharidin is not the only poisonous principle in 

• ViUen. Hber die I'heren, Diss. Bern, 1877; Comil, Oax. Mid.. 1880. 
t Bchrofl, Zeitachnft d. Oe». d. Atrcte. in Wim, 13, 56. 



CASTHAllTDES. 



429 I 



"file ineect. The eymptoma in other cases, fatal or not, have been as fol- 
lows : — Immediate burning in the mouth aod throat, extending to the 
stomach and alimentary canal, and increasing in inteuBity nntil there is 
considerable puin. Then follow salivation, difficulty in awallowiug, and 
vomiting, and generally diarrhisa, pain in the kidneys, irritation of the 
bladder, priapism, and strangury are all present. The pulse is acceler- 
ated, the breathiiig disturbed, there are pains in the head, and often 
mydriasis, giddiness, insensibility, delirium, and convulsions ; trismus 
has been noticed. The desire to micturate frequently is urgent, the 
urine is generally bloody, and contains pus. Pregnant women have been 
known to abort. In a few of tho cases in which a different course has 
been run, the nervous symptoms have predominated over those of gastro- 
intestinal irritation, and the patient has sunk in a kind of collapse. In a 
case of chronic poisoning by cantharidea, extending over three months, 
and recorded by Tarchioni Bonfanti,* after the first dose appeared teta- 
nic convulsions, which subsided in twenty-four hours, there was later 
cystitis, and from time to time the tetanic convulsions returned : gastro- 
enteritis followed with frequent vomiting, when cantharides being found 
in the matters ejected, the otherwise obscure nature of the illness was 
shown. 

In a case recorded by Sedgwick,! following the gastro-enteric symp- 
toma, there were epileptic convulsions ; in this instance also was noticed 
an unpleasant smell, recalling the notion formerly held that cantharides 
imparted a peculiar odour to the breath and urine. In a case of chronic 
poisoning related by Tardieu, six students during several months used 
what they thought was pepper with their food, but the substance proved 
to be really powdered cantharides. The quantity taken each day was 
probably small, but they suffered from pain about tho loins, and also irri- 
tation of the bladder. There was no sexual excitement. 

Post-marfem Appearances. — In a French criminal case, in which a 
man poisoned his step-brother by giving cantharides in soup, the patho- 
logical signs of inflammation of the gastro-intfistinal tract were specially 
evident, the mouth was swollen, the tonsils ulcerated, the gullet, stom- 
8ch, and intestines were inflamed, and the mucous membrane of the 
intestines covered with purulent matter. In another case there was an 
Ktnal perforation three inches from the pylorus. The inflammatory ap- 
ptarances, however, are not always so severe, being confined to swelling 
toA inflammation without ulceration. In all cases there has been noted 
ioSaoimation of the kidneys and urinary passages, and this is seen even 
Theo cantharidio is administered to animals by subcutaneous injection. 

^H^ •OaE. Med. Ital., U>mh., 186S. 

^^V {Med. Timea. 1S64. 
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In the urine will be found blood and fatty epithelial casts, as well as ptfft* 
The contents of the stomach or the inteatines will probably contain some 
remniuitB of powdered cantharides, if the powder itself has been taken. 

Tests for Cantharidia and Us Detection in the Tissues, i£c. — The 
tests for cautharidin are — (1) Its form, (3) its action in the subliming 
cell, and (3) its power of raising a blister. 

The most convenient method of testing its vesicating properties, is 
to allow a chloroformiiy solution of the substance supposed to be cunthar- 
idin to evaporate to dryness, to add to this a drop of olive oil (or almond 
oil), and to take a di'op up on the smallest possible quantity of cotton 
wool, and apply the ^vool to the inside of the arm, covering It with good 
oilskin, and strapping the whole on by the aid of sticking-plaster. In 
about ail hour or more the effect is examined. The thin skin of the Ups 
is far more easily blistered than that of the arm, but toe application 
there is inconvenient. 

Dragendorff has ascertained that cantharidin is not present in the 
contents of a blister raised by a cantharides plaster, although it has been 
found in the urine of a person treated l^y one ; and Pettenkoffer bus also 
discovered cantharidin in the blood of a boy to whose spine a blister had 
been applied. 

The great insolubility of cantharidin in water has led to various 
hypotheses as to its absorption into the system. Dragendorff considers 
it as the anhydride of an acid, which is tolerably easily dissolved by 
potash, soda, aud ammonia solutions, and is also taken up in small pro- 
portion by sulphuric, phosphoric, and lactic acids. The resulting com- 
pounds quickly diffuse themselves through animal membranes. Even 
the salts with lime, magnesia, alumina, and the hea^T metals, are not 
quite insoluble. A solution of salt with cantharidin, put in a dialysing 
apparatus, separates in twenty-four huurs enough cantharidin to raise ft 
blister. 

Cantharidin has actually been discovered in the heart, brain, mus- 
cles, contents of the stomach, intestines, and fosces (as well as in the 
blood and nrino) of animals poisoned by the substance. A urine con- 
taining cantharidin is alkaline and albuminous. Cantharidiu, although 
readily decomposed by chemical agents, is so permanent in the body 
that it has been detected in the corpse of a cat eighty-four days after 
death. 

In any forensic case, the defence will not improbably be set up that 
some animal {e.g., a fowl poisoned by cantharides) has been eaten and 
caused the toxic symptoms, for cantharides is an interesting example of 
a substance which, as before stated, for certain animals (such as rabbits, 
dogs, cats, and ducks), is a strong poison, whilst in others (e.g., hedge- 
hogs, fowls, turkeys, and frogs), although absorbed and excreted, it ap- 
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pean inert. Esperimeut has eIiowd that a cat may be readily poisoned > 
by a fowl saturated with cantharides ; and in Algeria the military sur- 
geoiis meat with cjatitia among tlie soldiera, caused by eating fi-ogs in 
the months of May and June, the frogs living in these montha almost 
eio\nsiTely on a species of Citntharides. I 

Dragendorfit rccommeuda the following process : — The finely-pulped i 
substance is boiled in a porcelain dish with potash-lye (1 part of potash 
and 12 to 18 of water) until the fluid is of a uniform consistence. The 
fluid, after cooling, is (if necessary) diluted with an equal bulk of water, 
for it must not be too thick ; then shaken with chloi-oform in order to 
remyve impurities ; and after separation of the chloroform, strongly 
acidified with sulphuric acid, and mixed with about four times its volume 
of alcohol of 90 to 95 per cent. The mixture is kept for some time at a 
boiling temperature, filtered hot, and the alcohol distilled from the fil- 
trate. The watery fluid is now again treated with chloroform, as above 
described. The chloroform extract is washed with water, the residue 
taken up on some hot almond oil, and its blistering properties investiga- 
ted. The mass, heated with potash in the iibove way, can also be sub- 
mitted to dialysis, the diSusute supersaturated with sulphuric acid, and 
shaken up with chloroform. 

Id order to test further for cantharidiu, it can be dissolved in the 
least possible potash or soda-lye. The solution, on evaporation in tbe 
water-bath, leaves crystals of a salt not easily soluble in alcohol, and the 
watery solution of which gives with chloride of calcium and baryta a 
white precipitate ; with sulphate or copper and sulphate of protoxide 
of nickel, a green ; with cobaltous sulphate, a red ; with sugar of lead, 
mercory chloride and argentic nitrate, a white crystalline precipitate. 
With palladium chloride there occurs a yellow, hair-like, crystalline pre- 
cipitate ; later crystals, which ai-e isomorphous with the nickel and cop- 
per salts. 

If the tincture of cantharides has been used in considerable quanti- 
ty, the urine may be examined ; in such a case there will collect on the 
snrface drops of a green oil, which may be extracted by petroleum ether ; 
Qiia oil is not bliator-raiaing. Cantharides in powder may, of course, be 
detected by its appearance. 

To the question whether the method proposed would extract any 
oHier blister-producing substance, the answer is negative, aince ethereal 
oil of mnstard would be decomposed, and the active constituents of tbe 
Suphorbias do not withstand the treatment with KHO. Oils of ane- 
mone and anemonin are dissolved by KHO, and again separated out of 
their solutions, but their blistering property ia destroyed. They are 
^oUtilo, and found in anemone and some of the RanimmlacetB. In the 
^ dfmt pulsatiUa there is an oil of anemone, which may be obtained by 
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Bhaking with other ; but this oil ia not permanent, and if the Aqui 
salilUi stand for n little time, it splits up into anemonic acid and sne- 
mouiu, iimi Ihon cimnot be reobtnined, A blistering substance, obtained 
from the Attacardia orienlalia and the fruit of the Anacardium occiden- 
tah and Smntcarpus anacardium, is not quite destroyed bj a short action 
with potash, but is by one of long duration ; this substance, however, can- 
not bo oonfused with oantharidine, for it is oily, yellow, easily soluble in 
alcoliol and ether, and differs in other respects. 



v.— SNAKE POISOX. 



The poiaonons enakes belong chiefly to two claGses, the ProterogXy- 
pha and the SitUnoglfpha. The practical ditficnlty in the ioTestigstion 
of suakv-Tvuom is such tJiat, notwithstanding the interest of ihe eabject, 
bat litilo d{-tiuitt> is known of the chemistry of the poison of any enakft 
MTO that u( tho cobra. 

Tin Pviaom of M« Coim. — ^Tke poison excreted from the saliTaiy 
I^NiKb of tti« oobn di oapello ia the most deadly animal fluid known. 
Wlwo flnt ejectod, it ia an amber-coloored, imther syrupy, frothy liquid, 
of apMifio gnvi^ li>t6, and of frnblB acid raactioD ; it dries rapidly on 
•X|ioau« to air to a yvUov lUm, wbkh raKtity faraaks ap into brilliant yel- 
tov gnttnh^ okmlf imitating cry^tais. The yellow powder is tot acrid 
MudpUlgml to the noethb»aiKl«xcite«a paintol (tboiogfa tzaaaitory) in- 
fluuutten. it iVpUvd to tbe miKoos meafamw of tbe eye ; tiie taste ia 
UlMr. umI it nim little bliaten on the tuo^oft. It e pczfectiy stable, and 
HKmr rw it* wtitity for «■ indtfinito tioMh Tbe dzied poiaom as d»- 
■eriheii B porfectly aolnUe is w«l*r. umI if the watw ■■ adi^ in jm^er 
|0«(«rtigMS» thv «ri$iiwl laid is vidMwt do«bc trfnimnti, thn Mfartko 
HMuUy de|«ttiB{ a miimnt «t epithcfial JUrU, aad c<te ™t*wi«i^ 
htth while ahnda. 

TW yaMM h*t b«Mt cnHua»l ^ wnnl ckin^ bak anta ^ bto 
Twus with ft iNCMivo NoUt Tht«nt«rw«ilh»toll»iariate^iBl87C, 
* vrnifBhw |«i»ai>K whkh ifpte to h* Ot Mb aalm i^mdint ; 
t^ yWkv stoBNlM w* #Mhwl in water, tkt Mmmie» which the wo- 
mb •» i Qfw M y BWbiBB CMfttfeitod hf ahu h ^ mi mf t Mmm i hw O- 
MOm ; ikk akaM WW ritoa *i«w «ff ok « gwAi hw^ tb bqnU '«»• 
M w aH i* toaaMBMk^Mi inr^tlitoilwa^ >M»e iiiUla rflwL 
tW | i i iii > i a ti WM mm iii V wMha^ «Mt Ai r iw i iii t a tW w«l 
wurkpSIWa^w iiMii *^ th« hat iiwl py i^ iii , ilii h Wri^ toaia 
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^^ Pedler,* precipitating the albumen by alcohol, and then to the al- I 
ooholic solution adding platinic chloride, obtained a so mi -crystalline pr&- I 
cipitate, which from an imperfect coinbustion he thinks may have some- I 
thing like the composition PtCli(C,]lljjN,0,HCl),. I have examined the ' 
pLatinum compound, and made several combustions of different fnic- 
tioDB, but was unable to obtain the compound in a sufficient state of pur- 
ity to deduce a formula. My analysis agreed with those ol Pedler for 
nitrogen — viz., 9'93 per cent, (Pedler, 9'(j9) ; hydrogen 4'17 (Pedler, 
4'28) ; but were higher for carbon, 41-8 per cent. (Pedler, 33'42 per 
cent.) ; one fraction 7-3 per cent, of platinum, another double that , 
Amount. Material was iusufficieut to thoroughly investigate the com- J 
pound, but it was evident that several double salts were formed. I 

Fatal Dose. — From luy experiments on cats, rabbits, and birds, it 
seems probable that the least fatal dose for cats and rabbits lies between 
■T and '9 mgrm. per kilo., and for birds somewhere about "7 mgrm. per 
kilo, of the dried poison ; the venom contains about CO per cent, of al- 
bnminous matter, and about 10 per cent, of poisonous substance ; there- y 
fore, the lethal power is represented by something like '07 to '09 mgrm. I 
per kilo., if the pure toxic principle free from albumin and diluting im- I 
purities be considered. I 

Effects on Animals. — Almost immediately local pain or signs of un- I 
easiness at the scat of injection are observed. There is then a variable I 
interval, seldom exceeding W minutes (and generally much less), but in I 
one of my experiments half an hour elapsed after the injection of a fatal I 
dose before any effect was evident. The symptoms once protluced, the ^ 
coarse is rapid, and consists, first, of acceleration of the respirations, and 
tlien a progressive slowing, soon followed by convulsions. The convul- 
dons are probably produced by the interference with the respiration and 
the deficient osidutiou of the blood, and are, therefore, the so-called 
"carbonic acid convulsions," There is paresis or paral3-8is of the limbs. I 
Death seems to occur from asphyxia, and the heart beats for one or more 1 
minates after the respirations have ceased. If the dose is so small asnof J 
to produce death, no after-effects have been observed ; recovery is conL> ■ 
plete. -I 

Sir J. Fayrer and Dr. Lauder Brunton consiJer that the term in a- 1 
tions of the moter nerves suffer : on ihe other hand. Dr. Wall would ex- I 
pldin the phenomena by referring the action entirely to the central ner- 1 
TOOB system, and concludes that the effects of the cobra poison consist in I 
the extinction of function extending from below upwards of the various I 
terre centres constituting the cerebro-spinal system. In addition to I 
tiiiB, there is a special and rapid action on the respiratory and allied nu- I 
dei, and thia it is that causes death. 1 

• /Voc. Soy. Soc., vol, xxrii., p. 17. J 
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Effects on Man. — By far the beet account hitherto published of the 
effects of the cobrii poison ia the paper by Dr. Wall,* in which he points 
oai the very close similarity between the Bymptome produced and those 
of gloBao-pliaryngeal paralysis. Thia is well shown in the following typi- 
cal case :— A coolie was bitten on the shoulder about twelve at midnight 
by a cobra ; he immediately felt burning pain at the spot bitteu, which 
increased. In fifteen minutes afterwards he began, he said, to feel intox- 
icated, but be seemed rational, and answered questions intelligently. 
The pupils were natural, and the pulse normal , the respirations were 
also not accelerated, He next began to lose power over his legs, and 
staggered. In thirty minutes after the bite his lower jaw began to fall, 
and frothy viscid mucous saliva ran from his mouth ; he spoke indis- 
tinctly, like a man under the influence of liquor, and the paralysis of the 
legs increased. Forty minutes after the bite, he began to moan and 
shake his head from side to side, and the pulse and respirations were 
somewhat accelerated ; but he was still able to answer questions, and 
seemed cousoioas. There was no paralysis of the arms. The breathing 
became slower and slower, and at length ceased one hour and ten min- 
utes after the bite, the heart beating for about one minute after the 
respiration had stopped. 

There is often very little sign of external injury, merely a scratch 
or puncture being apparent, but the areolar tissue lying beneath is of a 
purple colour and infiltrated with a largo quantity of coagulable, purple, 
blood-like fiuid. In addition, the wliolo of the neighbouring vessels are 
intensely injected, the injection gradually diminishing as the site of the 
poisoned part is receded from, so that a bright scarlet ring surrounds a 
purple area, and this in its turn fades into the normal colour of the 
neighbouring tissues. At the margin is also a purple blood-like fluid, 
replaced by a pinkish serum, which may often be traced up in the tiasuea 
surrounding the vessels that convey the poison to the system, and 
may extend a considerable distance. These appearances are to be ac- 
counted for in great part by the irritant properties of the cobra 
venom. The local hypertemia and the local pain are the first symptoms. 
In man there follows an interval (which may be so short as a few minutes, 
or so long as four hours) before any fresh symptoms appear ; the average 
duration of the interval is. according to Dr. Wall, about an hour. When 
once the symptoms are developed, then the course is rapid, and as in the 
Gitse quoted, a feeling like that of intoxication is first produced, and then 
loss of power over the legs. This is followed by a loss of power over the 
speech, over swallowing, and the movement of the lips ; the tongue be- 

■ " On the difference of the phf aiological effects produced b^ the poison of 
Indian venumcruesnakeB," by A. T. Wall, M.D.. PnK, Itoy.Sot., lUSl. voL xjcxii.^ 
p. S33. 
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les motionless, and hangs out of the month ; the ealiTEi is secreted in 'I 
large quantities, and rtius doim the face, the patient being equally un- I 
able to swtUlow It or to eject it, and the glosao-pharyngeal paralysis is I 
complete. 

Anlidotfa and Trmtment. — ProfesBor Halioul aotne years ago pro- 
posed aniinonis, and M. Lacerda in recent times has dechtred potassic 
permanganate an antidote to the cobra poison. The ammonia theory 
has been long disproved, and before Lacerda had made his experiments I 
had published the chemical aspect of some researches,* when I stated 
that mixing the cobra venom with an alkahne solution of potassic porraan- 
gsnate destroyed its poisonous properties, and I had also made cxjieri- 
ments in every conceivable way with potassic permanganate, injecting it 
Bimiiitaneonsly in diflerent parts of the same animal's body, and had 
proved that it had no antidotal power whatever over the living subject. 
Dr. Shortt had also, long before my own experiments, proved the same 
thing, and since the pubhcation of Lacerda's extraordinary eommunica- 
tiim, other observers have given the matter a fair trial, and refuted com- . 
pletely the antidotal properties of potassic permanganate.! It acts only 1 
when it comes directly into contact with the venom, but when the venom 
a once absorbed into the circnlatlon potassic permanganate, whether 
•eid, alkaline, or neutral, is powerless. That it is of great use when ap- 
plied to a bite is unquestionable, for it neutralises or changes any of the 
venom hanging about the wound, and which, if allowed to romainj 
might yet be absorbed ; but here it is obvious that the venom is, so to I 
speak, ontside the body. The general treatment most likely to be suo- 
cessful is the immediate sucking of the wound, followed by the applica- 
tion of an alkaline solution of permanganate ; and lastly, if the symptoms 
should neverthless develop, and an attempt should be made to maintain 

breathing by galvanism and ^tificinl respiration. \ 



•Anatffat, Feb. 28. 18T7. 

t See Note on the effect of various substances in destroying the activity of 1 
the cobra poison. By T. Lauder Bruuton and Sir J, Fayrer. Proc. Roy. Soc.. 

J Same of my experiments on the cobra poison may be briefly detailed, iUua- i 
bating the general statement in the text : — 

1. A quantity equal to 1 mgrm. of the dried venom was injected Bubcn- \ 
tuieoosly into a chicken. The symptoms bef^an in two minutes with loss of 
pow^ over both legs. In eight minutes the legs were perfectly paralysed. There 
were convulHve movements of the head and wings, slowing of the respiration, 
and death in ten minutes. The same quantity of poison was treated with a little 
taania. and the clear liquid which separated from the precipitate injected into 
another chicken. The respiration became affected in ten minutes ; in eighteen 
minutes the bird had become very quiet, and lay insensible ; in twenty minutea 
it was dead, the respiration ceasing before the heart. 
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Deieclion of (he Cobra Venom. — In an experiment on a rabbit, ■fH^ 
animal was killed by the Bubeutaneous injection of 8 mgrms. per kilo, of 
the cobra poiflon. Immediately after death, 2 cc. of the blood were in- 
jected into a small rabbit ; iu fifteen minutes there v/us alow respiration 
with pains in the limbs; in thirty minutes this had, in a great measure, 

3. In serea esperiraente with cobra poison, fitst rendered feebly alkaline 
with an alkaline Bolutioa of potassic iwrmanganste. no effect followed. Three 
of the experiments were on chickens, four on rabbits. 

3. Achiclten waa injected! with 1 mgvm. of cobrg poison in one leg, and in the 
other Bimultaneously with a solution of potassic permanganate. Death followed 
in sixteen minutes. Another chicken was treated in the same way. but with in- 
jections of potassic pernuknganate solution every few minutes. Death resulted 
in tliirty-seven minutes. Four other eintilar eiperimentfl were made — two with 
feebly alkahne permanganate, two with permanganate made feebly acid with 
sulphuric acid — but death occurred with the usual symptoms. 

i. Cobra poison was mixed witha weak solution of iodine, and a quantity 
equal to half a mgrm. was injected into a chicken. The symptoms began direct- 
ly, were fully developed in ten minutes, and dtath took place in twenty-one 
minutes. 

5. Equal volumes of cobra renom and aldehyde were mixed, and a quantity 
equivalent to 1 mgrm. of the cobra poison injected. The symptoms were im- 
mediate paralyMS and iosensiblity, and the respiration rapidly fell. Death oo- 
coired in four minutes without conTuUions. 

6. The cobra venom waa mixed with a feebly alkaline solution of pyrogallio 
acid, and injected subcutaneously into a chicken. In six minutes the usual 
symptiims commenced, followed in thirteen minutes by death. 

T. One mgrm. was injected into a chicken. The respirations at the com- 
mencement were 120 ; in twenty-two minutes they sank to 96, in twenty-five 
minutes to 84, in twenty-seven minutes to 18, and then to occasional gasps, with 
slight movement of the wings and toes. There was death in thirty-two minutes 
after the injection. 

8, A young rabbit was injected with ■.'> mg. (equal to 1 mgrm. per kilo.) of 
cobra poison. In two hours it was apparently moribund, with occasional short 
gasps. Artificial respiration was now attempted. There wu.1 considerable im- 
provement, but it was intermitted during the night, and the animal was found 
dead in the muming, having certainly lived six hours. 

Q. A strong healthy kitten was injected with 1 mgrm. of cobra venom (equal 
to S nigrms. per kilo.) In twenty minutes the symptoms were well developed, 
and ia au hour the animal was gasping — about twelve short resptratiouB per 
minute. Artificial respiration wtia kept up for two hours, and the animal re- 
covered, but there waa great muscular weakness lasting for more than twenty- 
four hours. 

10, A brown rabbit, weighing about 3 kilos., was injected with 13 mgrms. 
(6 per kilo. ) of the cobra poison. The symptoms developed within ten minutes; 
ammonia was injected, and also given by the nostril. The heart's action wtiich, 
previous to the adminstratlon of the ammonia, had been beating feebly, became 
accelerated, but death followed within the hour, the heart beating two minubee 
after the respiration had ceased. 

11. A brown rabbit, about 3 kilos, in weight, was injected with 1-S mgrma. 
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passed ofE, and in a little time the animal was well. In any case in which I 
it is necessary to attempt to separate the cobra venom, tiie most likely I 
method of succeeding would he to make a cold alcoholic extract, evapo- I 
rate in a vacuum, take up the residue in a little water, and test its effect I 
on Bmull animals. I 

Duboin Rassdlii.—The DuboCa russellU, or RussdVs fiper, is one of I 
lie beet known and most deadly of the Indian vipers. The effects of the m 
poison of this viper are altogether different from those of the cobra. The I 
action commences by violent general convulsions, which are often at once I 
fatal, or may be followed by rapid paralyaia und death ; or these symp- I 
toms, again, may be recovered from, and death follow at a later period. I 
The convulsions do not depend on asphyxia, and with a small dose may 1 
be absent. The paralysis is general, and may precede for some time the ex- 1 
tiuction of the respiration, the pupils are widely dilated, there are bloody 1 
disuharges, and the urine is albuminous. Should the victim survive the I 
first effects, then blood poisoning may follow, and a dangerous illBesa ro- I 
ault, often attended with copious hiemorrhages. A striking example of J 
this course is recorded in the Indian Med. Oaz., June 1, 1873. I 

A Mahommedan, aged 40, was bitten on the finger by Euesell's fl 
viper ; the bitten part was soon after excised, and stimulants given. Tbe-I 
hand and arm became much swollen, and on the same day he pHssed M 
blood by the reetumj and also bloody urine. The next day he was sick, J 
■and still passing blood from all the channels ; in this state he remained. 1 
-eight days, losing blood constantly, and died on the ninth day. Nothing-B 
definite is known of the chemical composition of the poison ; it is proba-l 
bly qualitatively identical with " viperin." I 

TJie Poison of the Common Viper. — The common viper still aboundin 
in certain parts of Great Britain, as, for example, on Dartmoor. The I 
venom was analysed in a partial manner by Valentin. In 1843 Princal 
Lncien Bonaparte separated a gummy varnish, inodorons, glittering, and! 
trang]>arent, which he called eehidnin or viperin ; it was a neutral, nitro* J 
genous body without taste, it arrested the coagulation of the blood, and, I 

of eobra poison (75 per kilo.) There were no sj^taptoms for nearly au hour, thes \ 
radden convnlaioDs, and death. 

13. Another rabbit of the same size was treated Bimilarlr. but immediately 
after the injection maile to breathe nitrous oiide; death took place in thirty 
minutes. A rabbit, a little over 2 kilos, in weight, was injected witb 7 mgrmg. 
of cohra venom per kilo., and then 10 mgrms. of monobremst^d camphor -were I 
administered. In fifteen minutes there was general paralj-sis of the limbe, from I 
which in a few minutes the animal seemed to recover ; thirty minutes after th* I 
Injection there were no veo^ erident svmptomB. but within forty minutes there 
WM a sudden accession of convuIsiouB, and death. Experiments were also made 
with chlorofonn. morphine, and many other substances, but none seemed to er- 
any true antidotal effect. 
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injected into aninialB, produced all the effects of the bite of the vijwr. 
The effecta of the viper poison are strikingly like those of the more ven- 
omous duboia, and as Dr. Giuseppe Badaloni* has shown that the ordi- 
nary viper, in cold weather, is scarcely poisonous, it is highly probable 
that future investigatiou will establish the complete qualitative Identity 
of the poison secreted by the various members of the viperiue class. The 
symptoms are dilatation of the pupil, progressive diminution of tempera- 
ture, convulsions, diminution of blood-pressure, and paralyaia, foUoved 
by death. The course is usually very rapid. After death the blood is 
found fluid, and there are numerous hemorrhagic points in the mucous 
membranes and organs of the body. 

The RtttlUsnake. — The rattlesnake {crotahix) secretes a poison 
which, in 18G1, was investigated by Mr. Weir Mitchell. He considei'ed 
the active principles to consist of an albuminoid body- The effects of 
the rattlesnake bite are, so far as known, strikingly like those produced 
by vipers, and it is possible that the poison is also chemically identical 
with " viperin." 



DIVISION II.— POISONS FORMED IN DEAD ANIMAL 
MATTERS. 



I— PTOMAINES— CADAVERIC ALKALOIDS. 



* 



It has long been known that, in putrefying animal Bubstancea, more 
or less definite poisonous principles arise. Letheby, many years ago, 
separated several of these ; and Dr. W. B. Richardson succeeded in crys- 
tallising the hydroclilorate of a base, from a pyiemic fluid, and showed 
it to possess remarkable toxic effects. Marquardt, of Stettin, alao dis- 
covered a cadaveric alkaloid, which he named septicin. Other researches 
followed, and the names of Panum.t Bergmann, J Schmiedeberg, 
Schmidt, § Zuelzer, Sonnenschein, | and W. Schwanert will be remem- 



*Laiteet, MayC, 1883. 



I. ixvii.. S. 2A(\. See also Bd. xxviii,, 



X Das putride Gift u. diepatride Infection. Dorpat, 186!). 

§ Schmidt, Untermtfh. 'Ober daa Sepain. Inaug. DisBPrt., Dorpat, 1869, • 

{Berlin. Klin. Wochenaehr., 1860, Nro, 12. 



PTOMAINES. 



439 



bered as having contribiiteil to our present knowledge of the matter. 
It 18, howcTor, Francesco Setmi * who made the first prolonged and. 
methodical study of the whole question, uiiil has shown its great chemico- 
legal importance. 

The general method used by Selmi in extracting the ptomaines waa 
to make an alcoholic extract very much aiter the method of Stas ; and 
then after filtration to evaporate the alcoholic extract in a vacuum. , 
This he effected by placing the alcoholic solution in a Wolfe's bottle ; 
the one tubale being connected with a long lube dipping into mercury, 
which served the purposes of a manometer, the other united to a globu- 
lar, well-coolod receiver, which in its turn was connected with a vacuum 
pump. The liquids were thus evaporated down to extracts at from 30° 
to 35°, an aqueous solution was then made of the extract, and the solu- 
iton shaken up with solvents, the solution itself either remaining acid, 
or being alkalised by baryta. He attempted to purify the ptomaines 
obtained in this way by several methods, yometimes the ptomaine waa 
BO alkaline that a current of CO, would be sufficient to precipitate it. _ 
More often it was precipitated from its acid solution by means of baryta^ | 
and the pasty mass was exhausted with ether ; occasionally an ethereal I 
iolotion of tartaric acid was used, and the tartrate decomposed with ] 
iodine in hydriodic acid (III+I}, His chief results were as follows : — I 

Ptomaines extracted from the Acid Liquid by means of Ether. — j 
The substances extracted by ether gave precipitates with tanTiin, iodine I 
in hydriodic acid, and gold chloride. Some gave a precipitate with cor- j 
Toore sublimate, others not. Some gave a rose-red colour with sulphurio I 
tcid : with nitric acid, they all yellowed more or less. In one case a. j 
Bnbetonce, which gave a remarkably fragrant odour when heated with I 
ndphnric acid and then neutralised by sodic carbonate, was separated, j 
resembling the odour of atropine when treated similarly. A physio- | 
logical experiment with this fragrant body, showed that it was poisonous, I 
bnt it killed in a different manner from atropine, and produced only & ' 
temporary dilatation of the pupil. 

Another substance extracted from an acid solution, struck a violet- 
hue in the cold with snljihuric acid. Iodic acid and gold chloride were 
immediately reduced. The sulphuric acid, left to itself for a few daj-s, 
tamed yellow, and emitted an aromatic odonr. I 

Ptomaines extracted from an AlhaUnf Liquid Jty means of Ether. — I 
Bslmi notices that, generally speaking, the ptomaines extracted in thia I 

• Selmi, Sidle Ptonu/ine od Alcalnidf CatfawnVi, e Inre importanxa in Jbs»f- I 

mlogSa. Bologna. 1877. See also Jf(i rfei iinwi, vol. U., 1878 and 1878. "Th» j 

Ptomainea and their Significance in Judicial and Toxicologicai Chemistry," by I 

Prof««Bor Huaemann, Chem. Neien. June 2. 1883. For other papera on Ptomaines, | 

ne the Bibliography at end of this article. I 
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way soon decompose and develop a cadaveric odonr. They dilatelB^ 
pupil, but ouly temporarily ; they tj^te pungent or bitter, benumb the 
tongue, and cause a feeling of suffocation in the throat ; they sometimes 
increase the cardiac action, sometimes diminish it. In eighteen eiperi- 
ments sis, or one-third, produced the death of frogs, with the heart in 
ByBtole and empty. Their chemical characteristics are those of alka- 
loids ; they are alkaline in reaction, and are precipitated by general 
alkaloidal reageuts. The following are some of the substances men- 
tioned by Selmi : 

A substance becoming violet with strong sulphuric acid. 

A substance reducing iodic acid. 

A substance which gave a yellow-red precipitate with acetate of cop- 
per, and was also precipitated by corrosive subhmate and phosphomolyb- 
die acid. 

A substance giving a violet tint passing into red with cold sulphuric 
acid, the red not being discharged by the addition of bromine water. 
PrBhde's reagent, as well as snlphuric acid, mixed with cerium oxide, 
also struck a red colour with the same substance. 

A substance giving a red with sulphuric acid like the last, but dif- 
fering from it, for bromine water discharged the colour. 

A substance which gave a violet colour ou treating a dried drop of 
the solution with three drops of hydrochloric acid, and then gently heat- 
ing. 

An alkaline substance giving a violet colour with phosphoric acid. 

He also found at least two ptomaines, which gave crystalline pre- 
cipitates with iodine in hydriodic acid — the one separated in yellow 
scales, the other in needles arranged in digitate groups. 

Ptomaines extracted by Chloroform. — After shaking tip with ether 
the liquid was then acted on by chloroform. Those dissolved by this 
solvent had mostly a strong alkaline reaction ; the taste was pungent and 
sometimes bitter, lienumbing the tongue. They easily decomposed, and 
generally reduced iodic acid. In one case there was a red colour with 
sulphuric acid, and the substance behaved not unlike delphinin. A 
few formed crystalline compounds with HI+I. 

Ptomaines extracted by Amylic Alcohol. — Selmi found some of the 
ptomaines insoluble in ether or chloroform, but soluble in amylic alco- 
hol. A ptomaine obtained by this solvent gave, with iodine in hydriodic 
acid, a red-brown precipitate, which, when examined withont loss of 
time by the microscope, showed crystals, but the crystals gradually de- 
composed into yellow drops. A physiological experiment showed that ij 
was not poisonous. Another alkaloid extracted in the same way gave 
with III-(-I brown crystals in long laminse. Injected subeutaneonsly, it 
killed a rabbit in two minutes in tetanic convulsions. Another ptomaina, 
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!^rp8G e^nmed a year after death, waa non-cryataliine, but veiy 
poifionoua ; injected into a rabbit it produced dilatation of the pupil, te- 
tanic convulsions, and death in two and a half hours. 

Ptomaines extracted by Amyl Alcohol and Ether. — By extracting 
vith amyl alcohol and ether, re-solution in alcohol, and then precipita- 
ting the flolution with basic lead acetate, filtering, freeing from excess of 
lead, &c., a white substance was ultimately obtained, which reduced 
iodic acid ; precipitated ferric chloride, and corrosive sublimate .: iodised 
hydriodic acid, and gold cliloride, but gave no reaction in the cold with 
snlphuric acid and no precipitate with picric acid, Mayer's reagent, po- 
taasio-cadmic iodide, nitrate of silver, and bichromate of potash. 

Volatile Products. — He succeeded more than once in separating an 
alkaloid which was either coniine or some nearly allied volatile product. 
The possibility of coniine developing in animal substances is evident 
from the fact of its structure ; one molecule of butyric acid, and ono 
molecule of ammonia, with sepamtion of 211,0 might produce it. 
Thus— 

Butyric Acid. Ammonia. Coniine. 
2C,n,0,+NHr-2lI,0=C.HuJJ. 

Or sgaiD, bntyric acid, ammonia, and hydrogen may react thus — 
Butyric Acid. Ammonia. Coniine. 

2C,H.0,+NIIj+2Hr4H,0=C,H„N. 

Or Again, trimethyl amine and valerianic acid may react thus — 

Valerianic Trimethy- 

Acid. lamine. Coniine. 

CJI,oO,+C,U,N-2H.O— C.HuiN. 

Similarly, caproic acid and ammonia (not to mention the reactions of cer- 
tein amides with nascent hydrogen) may produce coniine ; but that any 
^theeiB of coniine is a common occurrence in dead bodies may be 
denied. 

Ptomaines frtym Fatly Matters. — By washing fatty matters with 
water acidulated by sulphuric acid, then extracting the solution with 
ether, first acting on the acid liquid, and then on the same alkalised by 
buyta, Selmi obtained an alkaline residue of jiungent taste, which, when 
nentralised with acetic acid and dissolved, gave precipitates with tannin, 
iodine in hydriodic acid, and chloride of platinum and gold, and strongly 
lednced iodic acid. 

Ptomaines containing Arsenic. — Selmi has made the interesting ob- 
■nrstion that strongly poisonous and crystalline ptomaines, some of 
vhiob contain arsenic, may be found in the exhumed bodies of men or 
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animalB who have died from arsenical poison. In a anbject ezlnmu 
fourteen days after death, the corpse was well preserved, and a large 
amount of arsenic was detected. By the search for alkaloids with ether in 
. A liquid made alkaline with biiryta, a substance in small qnantity was sep- 
arated which oryatalliscd in needles, and formed eryatalliaable salts with 
acids. It gave uo precipitate with platinic chloride, save in very con- 
centrated solntioufl ; with sulphuric acid it struck a red colour ; with 
iodic acid, and afterwards with sulphuric acid, free iodine was liberated, 
and a violet colour produced, which disappeared on neutralisation with 
8odic carbonate. 

Nitric acid coloured it beautifully yellow, and by eaturatioa with 
caustic potaah this colour deepened. Nordhausen sulphuric acid pro- 
duced only after some time a red colour ; iodine in hydriodic acid gave 
no crystalline product. The quantity of this substance obtained waa in- 
antficient for further experiments ; but a short time after Selmi was en- 
abled to obtain a larger amount of ptomaines from the body of a man 
which had been exhumed a month after death. The ptomaine waa ex- 
tracted with ether from an alcoholic extract, dissolved in water, and 
neutralised by baryta, and subsequently purified and converted into ace- 
tate. The solution gave with tannic acid a white precipitate ; with iodine 
in hydriodic acid, a kermes-brown precipitate, gradually disappearing, 
and famishing microscopical, colourless, and branched, but no yellow or 
brown crystals. With platinic chloride it gave no precipitate, but in the 
course of time yellow crystals appeared, not like those of platinic chlo- 
ride. Auric chloride gave a yellow precipitate, which was afterwards 
reduced ; mercuric chloride, a white precipitate ; potassic bichromate) 
no precipitate ; picric acid, a yellow precipitate, which gradnaily changed 
to long cryaialtine tables of a yellow colour. No iodic acid waa liberated, 
even after the addition of several drops of sulphuric acid, but, on wann- 
ing, free iodine appeared quickly, and on saturating with sodic bicarbonate, 
the violet colour disappeared. The substance was intensely poisonous, 
but it contained no arsenic. Selmi later discovered organic bases con- 
taining arsenic in the stomach of a hog, which had been preserved in a 
solution of arseuious acid. The liquid waa first submitted to a distilla- 
tion in a current of hydrogen ; the distillate was alkaline, and when neu- 
tralised with HOI, and evaporated to dryness, jielded a white non-deli- 
quescent liydrochlorate in cross-shaped crystals ; developing a smell simi- 
lar to, but not identical with, that of trim ethyl amine. By oxidising it 
with nitric acid, taking up the residue with sulphuric acid, reducing the 
arsenic acid, by means of sulphurous acid, to arsenious acid, and, submit- 
ting it to the action of a Marsli's apparatus, arsenic was shown t« be 
present. This body did not precipitate tannic acid ; with iodine in hy- 
driodic acid, there was a precipitate of beautiful crystals of a grey col- 
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onr, and the appearance of iodine ; with picric acid, a yellow precipitate 
wfaicb changed to long, yellow, felt-like needles. I'latinic chloride gave 
directly a granular canary-yellow precipitate of raicroacopic octahedroua ; 
msrcaric chloride gave no precipitate. 

Professor Ciaccio made some physiological experiments with ii [ 
mgnna. of the substance, and found that it was most intensely poisonous, 
reaembling strychnine in its action. From the sohd matter, and also 
from the liquid which remained in the retort, a fixed arsenic il ptomaina 
(by treatment on the principles previously detailed) was extracted by 
ether. Its solution iu water gave, with tannin, a slowly-aeparating yel- 
lowish precipitate ; with iodine in hydriodie acid, u yellowish-red precipi- 
tate, and brown drops ; with platinic chloride, a non-crystalline yellowish 
powder ; with auric chloride, a yellowish precipitate, which was afterwarda 
nduced. Mercuric chloride and potuaaio- mercuric iodides gave yellowish 
white precipitates; potaeaiu bismuthic iodide, an orange-yellow precipi- 
tate, changing to red ; picric acid, a nou-crj'stalline, and pot;issium bi- 
chromate, a reddish-yellow precipitate. Experiments made on frogs 
showed that its jwisonous action was different to that of the volatile ar- 
dnes, but was connected with the action of the ordinary ptomaines. The 
most prominent phenomena were torpor, paralysis, and syatolic inactivity 
of the heart. 

Ptomaines are by no means produced solely in the putrefaction of 
animal snbstancea. Lombroso and Erba first showed that during the 
patrefaction of maize, a poisonous basic principle was developed, which 
had a toxic action similar to that of atrychoiue. The putrid leguminous 
Bohstances are also likely to produce poisonous baaea. It seema reasona- 
ble to believe that some of the cases of poisoning from eating meat-pies, 
•Maages, and the like, which have liitherto been refeiTcd to diseased 
BWfct, or have received no explanation, have been really due to poisoning 
by ptomaines. 

From the preceding sketch it is evident that no single member of 
Ite cadaveric alkaloids haa been completely studied. What we liave 
liitliurto learned concerning them is, for the most part, derived from a 
study of microscopic films or, at the best, a few milligrammes. There 
i"- therefore, all the uncertainly about the properties of these bodies 
Hich is inherent to conclusions .based upon reactions on minute quanti- 
*>«, and physiological experiments undertaken with substances the 
purity of which is doubtful. Nevertheless, the existence of ptomaines 
*»y be conceded, and also the fact that some of their reactions and prop- 
«ties resemble such alkaloids as strychnine, morphine, atropine. delphU 
lia, and coniine ; but snch differences, for the most part, exist that a 
wnfnl and experienced toxicologist would not be likely to form erroneous 
oOBciiisions. Attempts have been mode to find some general teat which 
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would diatinguiali the ptomuiaeB from the natural alkaloida, bnt withT 
complete success as yet. Potassic ferrid-cyanide is very qaickly reduced 
by all ptomuiiies, and is, therefore, a most useful teat. The base is con- 
Terted into aulphatu ; a drop of the ferrid- cyanide solution ia put into a 
watch-glaas, and the solution of the base added. The mixed liquid is 
then tested with a ferric adt ; if reduction has taken place, the liquid 
will become Prussian blue in colour. The behaviour of the plant-alka- 
loids to fenid-cyanide may be summarised as follows : — 

Reducing Potassic Ferrid-cyanide bid Slowly, 

Hy 08 cy amine, emetine, igasurine, colchicine, nicotiae, apomor- 
phine, aniline, methylamine, paratoluidine, diphenylamine, napthyla- 
mine, pyridin, collidin, hydrocolhdine, isodi pyridine, diallyl en diamine, 
and actonamine. 

Reducing Potassic Ferr id-cyanide in a Few Seconds or in a Moment. 

Cryatalliaed ergotinine, crystallised aconitine, digitalin, morphine, 
eserine ; fluid hyoacyamine, amorphona aconitine, and amorphous ergo- 
tinc. 

Brouardel aud Boutmy * propose to distinguish between the pto- 
maines and the natural alkaloids by their action on photographic silver 
bromide paper. The paper ia written on by a glass pen dipped in a 
solution of the base, and the paper is then sheltered from the light. At 
the end of half an hour the paiwr is washed with aodic hyposulphite, 
and then with water ; the plant-bases do not blacken, but the ptomaines 
reduce the silver, and the writing becomes viaible. Too much trust, 
however, must not ho placed on a test bo recently proposed. 
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THE SYNTHESIS OF POISONS BY THE Ln'ING. 

There are aeveral diseases iu which the most rational 9.1 plan at ion of 
the symptoms is either that poisons are sot f- prod need, or else that the 
blood becomes loaded with excrementiiioug matters. It has, indeed, 
been asserted recently that luxic principles in minute quantities may be 
eeparated from the urine and saliva of healthy persons ; • and if tliis is 
so, one may readily admi". the possibility of the sj-nthesis of toxic snb- 
stances in abnormal quantity in states of disease. One of the most 
Btriking illustrations of this apparent self-poisoning is to be seen iu the 
dtaease or state of the body termeti actetoniemia, or diabetic coma, and 
uriemia, which so strikingly simulate the action of narcotic poisons, 
Aa excellent example of diabetic coma is recorded in the Lancet, March 
11, 1882, by Dr. Pratt. The case may be detailed in his own words : 

OnWednesday. Mayll,188l,aboatl0p.ra.,Iwaa requested to visit E. R . 

jnM arrived in Nowtown. On reachinj; the house wliere tlio patient was staying 
I found a young girl of about twenty-four years of age, pale and tbin, in a, semi- 
coQBciuus State, breathing rapidly and noisily, with a amall quick pulse. She 
wati Bitting in an arm-cbalr, and could aJiawer questions, but confusedly and 
irith difficultj". 

The history given of her was as foUowa : — She had arrived here by the 4 p.m. 
train from Manchester. At the station she had a staggering gait and a confused 
manner, with saliva here and there on her clothea, and was considered by all 
«ho saw her to be drunk She took the onmibus to the principal hotel, where 
she asked for a little brandy and water, which waa aupptied to her. In a short 
time slie fell off her chair in the commercial room of the hotel in what seemed a 
kind of fit': she was then helped up to a bedroom where she was very sick. All 
who saw her thought she was intoxicated. After remaining there about four 
honrs, she was requested to seek her relatives. She then left the hotel, with 
aaaiatance. and was next seen sitting in a doorway. About 9 p.m. she was able 
to appeal to a woman who came near to take her in, saying that she waa very ill, 
that she had been so for weeks, and that she had been told hj a Manchester 
medical man that she was suffering from diabetes. The woman believed her 
itory, look her in, and sent for a police officer, who managed to get at the names 
of ber relatives. These, being communicated with, came to her at once and 
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I found E, E in the condition' described. She was not dronk, for ihers 

was no tremiJouBneBS of handa or tongue, no nonsenae talked wlien she was 
roused to consciousatiss. and her counteruLuco was not that of a drunkard. She 
was not apoplectic, for there was no paraljais. There waa no historj or appear- 
ance of injury. I thought it unemia. I ordered her to he taken at once to her 
auQt'a, about half a mile off, I aocompauied her thither in the conveyance, and 
saw her eafe in bed. Even aa I left the unconscious ^tate was deepemng. 

Neit morning, about 9 a.m., I again eaw E. E , She had paaaed a rest- 

lesa night, and was now almost quite unconscious, only answering " Yes " or 
" No" when shouted to. The pupils were dilated, and the conjunctiva insens- 
ible ; pulse 130, small ; respiration rapid and noisy. On auscultation, the lungs 
were found to be without diuease, and the heart's sounds very clear and normal. 
In the night time she had passed urine very freely, and had got out of bed her- 
self to do BO. The urine contained about one-eighth of albumen, aod was loaded 
with sugar. At 3 p.m. ebe was quite insensible ; pulse feeble ; extremities cold 
and dusky ; respiration and pupils as before. She could still swallow, though 
quite unconacloualy. At 7 p.m. she waa in arlii^lo mortis, and died comatose at 
8 p.m., twenty-two hours after 1 first saw her. No past-tJiortem examination 
was permitted. 

Here we hare all the syraptoms of a narcotic poison — first, the meu- 
tal coufuHJou ; next, the drowsiuesa ; and, lastly, the fatal coma.* lu 
death from urreniic poisoning, the same sort of coma may end the scene ; 
but, aa a rule, convulsions precede the narcosis, although not always 
witnessed, for the convuisious of uraemia, as well aa those of epilepsy, 
may take place ia the night, or in secluded places, and the individual be 
found in a deep sleep — without any history. Cuses of this kind are bo 
frequent that there is scarcely any medical man of experience who haa 
not met with them, A few years ago a personal friend of my own went 
to bed ill apparently perfect health and spirits, but was found the next 
morning in a deep coma, wliicli was fatal ip about twenty-four hoars. 
The autopsy revealed no lesiou whatever ; there was neither cerebral 
eflnaioQ, nor diseaso of any important organs. There was no suspicion 
of suicide ; and it was tho opinion of the physicians in attendance that 
the deceased had had an epileptic fit, which had hcen followed by comai 
Allowing this explanation to be correct, one cannot help hers suggesting 
the synthesis in the body of a narcotic poison. This interesting and 
(orensically important subject seems to demand more attention and in- 
yeatigation' by the physician, the physiologist, and the chemist, than have 
hitherto been given to it. 

* See also Southey. Laneei. Feb. 8, 1879 : Elliott. P/.. March 83, 1879 ; and 
" Aoetonxmia," by B. Fisher, Brit. Med. Journal, Jan. 18, 1878. 
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-POISONING BY PUTRID OB CHANGED FOOD— SAUSAGE 
POISONING. 

The raiioaa iiiBtances of poisoning which occur from time to time 
in eTBPy European country, and are referable to changes or coiiditionB of 
food, have now for many years received a coasiderable degree of attea- 
lion — the subject atill remaiuB most obscure, but from a number of cir- 
cumstances it is probable that the cases all fall under one of the follow- 
ing heada : 

B 1, Food contaminated with zymotic poison. 

^ 3, Meat of a deceased animal, which, when eaten, sows, as it were, 
in the person of the individual eating it, a living germ, which, by its 
multiplication, induces an illness. 

3. Trichinosia. 

4. Ergotism (see p. 422). 

5. The production of a ptomaine by some peculiar decomposition 
of albuminous Bubatances, 

H 1, Fdod Contaviinated by a Zymotic Poison. 

™ In Indift, in 1871, some rice contaminated with the cholera poison 
propagated the disease to seventy-three persons* 

InveBtigations on the summer- diarrhoea of this country have estab- 
lished its intensely infectious character. Dr. Wm. Johnstone, f in his 
prolonged microscopfcal examination of the excreta, himself acquired 
this affection no less than five times. Hence, it is evident that, when 
■liarrhcea is epidemic, dishes nnd articles of food may be accidentally 
oontuminated through uncleanly habits, and thus a very complete imit^ 
tioa of irritant poisoning bo produced. 

8. Certain Mmt {proiably of a Diseased Animal) may soto in the Per- 
II son Eating it a Germ, which, by its Division and MutHplicnlton, 

H causes Illness. 

The heat example of this class are shown iu the poisonings which 
occurred at Welbeck and at Nottingham in 1880, and were investigated 
Tory completely by Dr. Ballord and others connected with the Local 
Government Board.! On the 15th, 16th, 17th, 18th, and 19th of Juno. 

'SeeA-ath.oraDictkmaryofHggUn'.ait. "Cholera." 

f laof^t. Sept. 31 and 38, 1878. 

t "On an Acute Specific Disease characterised by a peculiar Diarrhtca Epi- 
demic among PerBoea who had partaliea of liefreshments iirovided at a Sale on 
the Duite of Portland's Estate at Welbeck," by Dr. Ballard. •■ On a Series of 
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1880, was held an extensive sale of timber on the estate of the Dake of 
Portland, at Wclbeck, Notts. On each day a large number of people 
partook of refreshments, consistiug of cold boiled ham, roasted beef, and 
other articles, and of those who ate a large number were laken ill. Dr. 
Ballard was able to obtain a more or less complete record of seyeDty-two 
cases. On the other hand, an unknown but still large number escaped 
illness altogether. The cause of the illness was traced by a considerable 
niaas of evidence to one or more hama eaten as sandwiches. Of the 
seventy-two who suffered, sixty-five were males and only seven females ; 
some were attacked severely, and some slightly ; four died, and coroner's 
inquests were held on two as to the cause of death. A period of incu- 
bation preceded the illness, in fifty-one cases where this conld be ac- 
curately determined ; it waa twelve hours or less in five coses ; between 
twelve and thirty-sis hours in thirty-four cases ; between thirty-six and 
forty-eight hours in eight cases ; and later than this only in four coses. 
■ In many cases the first definite symptoms occurred suddenly, and 
evidently unexpectedly, but in somo eases there were observed during 
the incubation, more or less feeling of languor or ill-health, loss of ap- 
petite, nausea, or fugitive griping pains in the belly. In about one- 
third of the cases, the first definite symptom waa a sense of chilliness, 
usually with rigors or trembling, and in one case accompanied by dya- 
pncea. In a few cases the premonitory symptoms were giddiness with 
faintness, sometimes accompanied by a cold sweat and tottering. In. 
others, the first symptoms were headache or pain somewhere in the front 
of the body — e.g., in the chest, or in the back between the shoulders, or 
in the abdomen, to which part the pain, wherever it might have com- 
menced, an bseq lie ntly extended. In one case, the first symptoms noticed 
waa a difiiculty in swallowing, in two cases it was intense thitst, but, 
however the attack may have commenced, it was usually not long before 
pain in the abdomen, diarrhcea, and vomiting came on, diarrhcea being 
of more certain occurrence than vomiting. Pain, in several cases, com- 
menced in the chest or between the shoulders, and extended first to the 
upper, and then to the lower part of the abdomen. It waa usually very 
severe indeed, quickly producing prostration or faintness with cold 
sweats, and was variously described as "crampy," '' burning," " tear- 
ing," &c. The diarrheal discharges were, in some cases, quite unre- 
strainable, and, where a description of them could be obtained, were 
said to have been exceedingly offensive, and usually of a dark colour. 
Muscular weakness was an early and very remarkable symptom in nearly 

Cases of Acute Specific Disease (similar to that observed in the Welbeck out- 
break) following the eating of Hot-baked Pork purrJiased at a shop in Notting- 
ham." by Dr. Ballard.— Sujip. to Tenth Ann. Report of the LoeaX Oovt. Board 

/or 1860. 
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all cases, and in many was so great that the patient ooold only stand by 
holding on to something. Headache, sometimes severe, waa a common 
and oarly symptoui, and in most cases there was thirst, often intense 
and moat distressing. The tongue, when observed, waa described ua- 
aally as thickly coated with a brown velvety fur, but red at the tip and 
edges. In the early stage the skin waa often cold to the touch ; but af- 
terwards some fever set in, the temperature rising to 101°, 103°, and lOi". 
In a few severe cases where the skin was actually cold, the patient com- 
plained, of heat, insisted on throwing off the bedclothes, and waa very 
restless. The pulse, in the height of the illness, became rapid, count- 
ing in some cases 100 to liS. The above were the symptoms most fPB- 
qnently noted. Other Bj-mptoms occurred, however, some in a few 
instances, and some in only solitary cases — such as excessive sweating ; 
cramps in the legs, or in both legs, and arms ; convulsive flexion of the 
hands or fingers ; muscular twitchings of the face, shoulders, or hands ; 
aching pain in the shoulders, joints, or extremities ; a sense of Btiifnesa 
of the joints, prickling, or tingling, or numbness of the hands, liiating 
far into convalescence. Again, in some cases, there was a sense of 
general compression of the skin, together with drowsiness, hallucina- 
tions, imperfection of vision, and intolerance of light. In throe cases 
(one, that of a medical man), there was observed yellowness of the skin, 
either general or confined to that of the face and eyes. In one case, at 
a later stage of illness, there was some pulmonary congestion, and an attack 
of what was regarded as gout. In the fatal cases, death waa preceded 
by collapse like that of cholera, coldness of the surface, pinched fea- 
tures, sunken eyes, and bluenesa of the finger and toes. The debility 
«f-convalescenee waa iu nearly all cases protracted by several weeks. The 
mildest cases were characterised usually by little remarkable beyond the 
following symptoms : — Abdominal pains, vomiting, diarrhcea, thirst, 
headache, muscular weakness, any one or two of which might be absent. 
In three out of the four fatal cases j'ost-mortein examinations were made, 
but in only oue was the esamination at all tliorough. In all, the mucous 
xnembraue of the stomach waa highly congested, and the inteatines in 
two were also in the same state ; the lungs in one case were soft and con- 
gested from pneumonia of the dying ; in another they were not ex- 
amined ; and in a third ease there was congestion of the left lung. The 
Icidneys, or portions of them, from a severe case, were examined micro- 
ecopicalty by Dr. Klein, who diacovercil evidence of parenchymatous in- 
flammation, and a pining of the aSerent artericles and capillaries of 
the malpigbian corpuscles, with emboli formed of masses of bacilli. 
Bome of the glomeruli had undergone a total or partial obliteration, ow- 
ing to a degeneration, at first hyaline, afterwards fibrous, of the capil- 'I 
lirie«. Dr. Klein describes this degeneration as of exactly the same * 
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nature as that occurring in searlfttinal nephritia. The bacilli found fl 
m the state of Bpore-forniatioQ. 

Some of the ham whs obtained and found by Dr. Klein to contain a 
speciea of bacillus with eporulea of the same. The bacilliia threads and 
Bporulca wero in connection with the muscular fibre and in the iutermua- 
calar tissue. Dr. Klein made various experimeuCs on animals with the 
ham, and also with some of the bacillus-producing muteriul after cultivi^ 
tioii iu an incubator. In all but a few Instunces this produced in mice, 
rats, dogs, guinea-pigs, and other animals experimented upon, disease. 
The morbid condition produced in the animals, and found on post-mor- 
tem examination, was most uniformly pneumonia; in one instance, 
pleuritis or pulmonary bypersemia; in some, haemorrhage into tiie pul- 
monary tissue was observed. In one there was htemorrhage into the tis- 
ane of the liver, and the organ was found enlarged. In some the spleen 
was found enlarged, and congested. In thi-ee instances peritonitis, 
Blight or severe, was found. Two dogs fed and inoculated with the cook- 
ed ham, and killed on the eighth day (one having suffered from colic on 
the first day of the feeding), exhibited after death evidence of severe des- 
qaamative hyperiemia, or inflammation of the stomach and intestines, 
the contents of which contained bacilli and a few pus corpuscles. Bacilli 
were found in the blood of two white mice which died twenty- four hours 
after being fed and inoculated with bacteria from the raw ham ; but no 
bacilli were discoverable in the blood of two other mice inoculated with 
this blood, although, when they were killed on the second and third 
days respectively, they were both found to have severe pneumonia, with 
enlarged liver and enlarged congested spleen. Nor were bacilli found in 
the blood of four other animals in which they were sought for after 
death. 

The Nottingham case was almost as remarkable. The members of 
five different households, fifteen in all, were taken ill on February 11th 
and 12th. All the persona had eaten pork purchased at a particular 
Bhop, and one of the sufferers died. The aymptoms differed iu no essen- 
tial respect from those already detailed in the Welbeck poisoninga. The 
illness lasted several days, and left behind much muscular weakness. 
An abstract of the symptoms suffered by the man who died is as fol- 
lows : — 

J. C, aged 23, a painter by trade, ate aome pork on the evening of 
Friday, February 11. lie passed a good night, and went to his work at 
8.30 a.m., as usual. At 3 p.m., (which was probably about eighteen 
hours after eating the pork) he complained of feeling sick, and was purs- 
ed all the afternoon, but he passed a good night. The next day he conld 
eat nothing, waa constantly purged, and vomited, rejecting all liquida ; 
there was great muscular weakness with a feeling of chilhness; he pass- 
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ad a bad night, aad the next day (Monday) complained of severe pain in 
the abdomen with headache. The yomitting and diitrrhuia coutiuuod. 
Uifl skiu was hot, the abdomen tender, and the arms and legs bent and 
twitching. Later in the day, the face was swollea, the eyea pufly, the 
skin was livid in patches, and hot, and the pulse almost imperceptible; the 
Itgs and arms were constantly twitching, and he repeatedly and suddenly 
threw himself from side to side " aa if electricity had been applied;" he 
then became dehrious. On Tuesday he died at 2 p.m., about three days 
and eighteen hours after eating tho pork. 

Pont-iiiortem Exami nation. — The lungs were deeply engorged and 
non-crepitant ; very little liquid followed the knife on section, but alittl© 
dark bloody fluid could be expressed by squeezing. There was redness 
of the mucous membrane of the stomach in patches, and also some slight 
redness of the jejunum ; the kidneys were apparently healthy. The 
spleen was small and shrivelled, and the tissue readily broke down on 
pressure. Dr. Klein made microscopical researches in the kidneys, blood,, 
lirer, mesentery, spleen, and other parts. His results are Bummarised 
by I>r. Ballaid, thus :— 

1. Bacilh, similar to those discovered in the Welbeck inquiry, were 
fonnd in varjing numbers in the blood, pericardial 0uid, juice expressed 
from tho lung, in the air vesicles and in the blood-vessels of the lung, in 
the tissues of tho stomach and ileum, in the spleen within and aronnd its 
Urge vessels, and in and around the vessels of the iidney, and in the 
Connective tissue between the tubuli of the renal cortex. 

2. The capillary vessels of the glomeruli of many of the Malpighian 
oorposclea of the kidney being degenerated into hyaline or fibrous bands, 
the nuclei of the glomeruli being increased {" glomerulo-nepbrits, " — some 
of the tabnli contorti contained extravasated blood, others of them hya- 
line casts. 

.^. There were hiemorrhagic infarctions of the lung tissue, and bacilli 
^rere found with or without spores amongst tho blood, filling the air veai- 
and in the blood vcasela. 

Inflammation of Foyer's glands, of the small intestine, and a few 
tilli in the submucous tissue. 

In the liver, slight interstitial hepatitis. 
Oninea-pigs inoculated with the blood, pericardial exudation, and 
lung jnice, Ijecame diseased. Six out of ten animals inoculated died 
Spontaneously, and four were killed. Pneumonia in two, accompanied 
bv pulmonary hiemorrhage, was found after death, and in eight of the 
ten there was peritonitis ; iti four plenritie also ; and in two, in addition 
to pneumonia, there was enJar^ement of the liver and spleen. In two 
ffninea-piga inoculated with tho blood, a tumour containing purulent 
matter developed at the seat of inoculation. Similar resnlta followed 
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the inoculation of material obtained by cnltivation of the blood and 
lung juice in the incubator. Bacilli were found in the blood and exuda- 
tions of 6ome of the above inoculated animals, as well aa in the purulent 
matter in the tumours found in two of them, as above described, at the 
Beat of inoculation. 

3. Trichinosis. 

The trichina spiralis is a minute nematode helminthet in the ahape 
of a little worm, the body beiug round and filiform. The male in its 
Bexually mature state measures only \ inch, while the female measures 
^ inch. The mode of reproduction is viriparous, and most females 
contain from three to five hundred ova. Their power of multiplicatiou 
is marvellous ; in six days the female parasites will contain perfectly de- 
veloped and free embryos in the interior, and these pass by the genital 
outlet, which is placed far forward at about the end of the first fifth of 
the long diameter of the body ; the new-bom young commence almost 
at once their wandering. They penetrate the walls of the intestines, and 
pass directly through the abdominal cavity into the muscles of their 
bearers, where, if conditions are favourable, they become encysted, the 
cysts appearing like small round dots, granules, or vesicles, quite distinct 
from the red muscle; sometimes the e_^t calcifies. In the interior of 
the cyst the trichina is rolled up in a spiral form {Fig. 16). The next 
figure (Fig, 17) shows it partially uncoiled, removed from the cyst, and 
iurther magnified. 
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Fig. 16.— {Aft«r Virchow). Fig. 17.— lOOtli of an inch x 800. 

Trichinffl have been found in swine, dogs, badgers, cats, horses, 
oxen, sheep, eeis, pigeons, and moles. 

The symptoms of trichiuosis can hardly bo confused with those of 
poisoU) but the disease has often been mistaken for typhoid fever ; thew 
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1 marked interval between the ingestion of the food and the 
development op the illness ; there is no case of trichinosis on record in 
whii:h the symptoms may be described as immediate ; in all, one or even 
seveml dajB have elapsed before the person became aJIected. The usual 
course is one of gradual development, there ia weariness, loss of appetite, 
and eventually febrile phenomena ; then follows pain in the muscles^ 
which may simulate rheumatism, and in fatal cases may be very severe ; 
the cause of death is various, some dying from pneumonia, others from 
tshaustion. 

5. The Production of a Ptomaine or some Chemical Poison in 
Albuminous Substances. 

Several cases of sausage poisoning belong almost beyond a doubt to 
this class — for example, the remarkable case recorded by Dr. Ballard.* 
A gardener, aged fortj-two, purchased, on March 13, 1881, half a pound 
«I sausages ; the sausages were of a large description, each weighing 
several pounds, and similar to those commonly sold under the name of 
"German sausage." Each sausage was imported, packed in a cylinder 
of tinned iron, the interval between the sausage and the cylinder being 
Jlled with melted fat ; the covers of the cylinder were soldered down. 
The sausages were said to have been make of beef. About 11 a. m., he 
«tathe half pound of sausages, and at 11,45 was found by his son lying 
(m a truss of hay very ill, suffering from great abdominal pain ; he had 
Tomited, and was purged, his head was hot. his face flushed, but the feet 
»ere cold, and he complained alternately of heat aud chilliness. He was 
cirried homein the afternoon, and continued during the evening and 
night to be purged and to vomit. A medical man saw him in the course 
of the evening, but considered that he was suffering from bronchitis ; he 
Iiad ut the time a pain in the chest and cough, and the sputa was rusty 
sndglntinons. The man died on March 21, eight days after eating the 
""Usage, the breathing becoming more and more difficult. No coroner's 
inquest was hold. Part of the sausage was obtained and submitted to 
Df. Klein, who gave the following report ot the experiments which he 
made : 

The Banmges were marked 1. 3, 3. 4.5. 6, 7. S. 9. No.fl w.is the remains of 
™*wiiaage which the fmrdener had partaken of; thesp sausages were used for 
■wdiiijj animals — rabbits and mice ; while some samples (Noe. 7 and 6) proved in- 
"^uoas, others (Nob. 6 and 8) were very poisonous. "With Xo. 6 were fed twelve 
•^ Mid four rabbits : of the mice five died spontaneously, three after twenty- 

*Onacase of''Saueafre Poiaoning" which occurred at Ariford. nea,r Che«- 
^■'~Supple7nent to Eteventh Aanaal Beport of the Lotal Government Board/or 



454 



POISONS : THEUl EFFECTS AND DETECTION. 



I 



four hours, and two after siity hours ; three were killed while ill, and fonr S 

caped illness. Of the rabbits, one died spontaneoualy during tlie firat day, one 
during the second day, and two others were killed while ill. With No. 8 were 
fed four mice, of these one died spontaneously after eight hours, one after thirty 
hours, and the othertt^o after twenty-four hours. On March 36. four rabbits and 
four mice were fed with No. 9, (the sausage the man had partaken of), and none 
of these animals suffered illness ; on May 2, however, four mice were fed with it 
and became ill, but they had recovered perfectly on the fifth day. In all in. 
stances when tlie animal became ill, the UluesB showed itself very soon after the 
feeding — ("iz. , from a quarter of an hour to several hours, the Jtin'irmln became 
very quiet, and in some instances, especially in the rabbits, there was vomiting 
a quarter of an hour after feeding. They did not take their food, and did not 
care to move, their faces became pinched, and their eyes small. In the case of 
the mice, their coats became very rough ; this state soon grew worse, the ani- 
mals becoming comatose. The temperature rapidly sank, and the animals soon 
died ; in some cases they lingered on for several days, recovered slightly, took 
food again, and became a little more lively ; but when killed they showed the 
eamejiosJ-TaortcTn appearances as those that died spontaneously, only in a milder 
degree. 

On post-mortem examination, the appearances found were luemoniiages in the 
stomach, congestion of the lungs, enlarged kidneys, the oortexof the organ being 
pale, the medulla hypenemic. On microscopical examiuatiou of the kidney, the 
important fact was ascertained that most of the urinary tubules contained caste, 
that many malpighian corpuscles and the tissues surrounding them were in & 
state of disintegration, without, however, tliere being present any inflammatory 
cells (pus corpuacles), so that the disintegration was evidently due to the direct 
reflult of some destructive agency acting In the vessels of the glomeruli of the 
malpliigian corpuscles. The result of these experiments was. then, in a high 
degree indicative of the presence in the sausages of some chemical poison, for 
the sudden illness followiag shortly after the feeding, thevomitiug, the luemor- 
rhage in the stomach, and the condition of the kidney are just such as are com- 
patible ouly with that assumption. Ci>usequentiy part of sausage No. 6, which 
had proved very poisonous to mice and rabbits, was forwarded to Dr. Dupra 
and he prepared from it (ii.)a cold alcoholic extract, and {h.) an alkaloid in an im- 
pure state. Experiments, however, made by feeding and inoculation with either of 
these on a dog, two mice, and two rabbits, did not produce any symptom of Ul- 



It is to be noted that whatever poison the saasage contained mnat 
have been distributed unequally through the mass, and it is possible that 
the cliemical expert, although he had part of a sausage which was poison- 
ous, may not have had a part with the particular poison in it. The etata 
of the kidneys in the mice fnily bears out Dr. Ballard's Buggostion, that 
the pneumonia of the patient was probably dependent on the renal con- 
gestion. At the same time, the case affords grounds for some painful 
suspicion that a few of the cases of pneumonia returned from country 
districts, may not be pneumonia, but the result of jioisoning, for the case 
quoted would certainly be returned as death from one form or other of 
respiratory affection. 



J 



THE SAUSAGE POISON. 455 

A series of cases may be picked out from the accountB of sansage 
poisoning in Germany, all of whicli evidently depend upon a poieon pro- 
ducing the same eymptoma, and the essentially distinctive mark of wUicli 
is extreme dryness of the skin and mucous membranes, dilatation of the 
pupil, and paralysis of the upper eyelids (ptosis). In an uncertain time 
after eating sausages or some form of meat, from one to twenty-four 
hours, there is a general feeling of uneasiness, a sense of weight about 
the stomiwh, nausea, and soon afterwards vomiting, and very often diar- 
rhcea. The diarrbcea is not severe, never assumes a choleraic form, and 
is unaccompanied by enimpa in the muscles. After a considerable inter- 
val there is marked dryness of the mucous merabrauo (a symptom which 
never fails), the tongue, pharynx, and the mouth generally seem actual- 
ly destitute of secretion; there is also an absence of perspiration ; the 
nasal mucous membrane participates in this unnatural want of secretion; 
the very tears are dried up. In a case related bySraatzer,* the patient, 
losing a son, was much troubled, bat wept no tear. This dryness loads 
to changes in the mucous membrane; it shrivels, and partly desquamates, 
aphthous swellings may occur, and a diffuse redness and diphtheritic-like 
patches have been noticed. There is obstinate constipation, probably 
from a dryness of the mucous lining of the intestines. The breath has 
an unpleasant odour, there is often a croupy cough, the urinary secretion 
alone is not decreased bnt rather augmented. Swallowing may be ho diffl- 
onlt OS to rise to the grade of aphagia, and the tongue cannot be manip- 
ulated properly, so that the speech maybe almost nn intelligible. At the 
same time marked symptoms of the motor-nerves of the face are present, 
the patient's sight is disturbed, he sees colours or sparks before his eyes ; 
in ■ few cases there has been transitory blindness, in others diplopia. 
The pupil in nearly all the cases has been diUted, also in exceptional in- 
itsaces it has been contracted. The lavator palpebrae superioria is par- 
■lysed, and the resulting ptosis completes the picture. Conscionaness 
Ttmains intact almost to death; there is excessive weakness of the nius- 
cIm, perhaps from a general paresia. If the patient lives long enough, 
be gets wretchedly thin, and dies from marasmus. In more rapidly fatal 
raaea, death follows from respiratory paralysis, with or without convnl- 

The ^wm^-wum-Zcti appearances which have been observed are— the 
BWCOOB membranes of the mouth, gullet, and throat are white, hard, 
■nd part!hment-like ; that of the stomach is more or less injected with 
Wimeroua hiemorrhageB ; the kidneys are somewhat congested, with some 
•llnrion of blood in the tubnli ; the spleen is large and very full of blood, 
Bd the lungs are often (edematous, pneumonic, and bronchitic. 

•Quoted by Hosemaaa. VergiftunQ dareh Wuntgift (Maschka'a Handbuch). 



PART VII.— THE OXALIC ACID GROUP OF POISONS. 



Oxalic acid is very widely dietribnted both in the free state and in 
combination with bases throughout the vegetable kingdom, and it also 
occurs in the animal kingdom. In combination with potash it is found 
in the Oeranium acetosum (L.), Spitmcia oleracea (L.), Phytolacca tlecan- 
dra (L.), Rheum palmatum (L.), Rumex acetosa, Alropa belladonna, and 
several others ; in combination with soda in different species of Halsola 
and Salicornia ; and in combination with lime in moat plants, especially 
in the roots and bark. Many lichens contain half their weight of calcic 
oxalate, and oxalic acid, either free or combined, is (according to the ob- 
servations of Hamlet and Plowright)* present in all mature non-niicro- 
scopic fungi. Crystals of oxalate of lime may be frequently seen by tha 
aid of the microscope in the cells of the plants. According to Schmidtf 
this crystallisation only takes place in the fully mature cell, for in ac- 
tively growing cells the oxalate of lime is entirely dissolved by the albu- 
men ot the plant. 

In the animal kingdom oxalic acid is always present in the intesti- 
nal coutents of the caterpillar. In combination with lime it is constant- 
ly found in the allantois liquor of the cow, the urine of man, swine, 
horses, and cats. With regard to human urine, the presence or absence 
of oxalate of lime greatly depends upon the diet, and also upon the in- 
dividual, some persons almost invariably secreting oxalates whatever their 
food may be. 

Oxalic Acid, H,G,O.2H,O{90+36), specific gravity l'G4, occurs in 
commerce in prismatic crystals, very similar to, and liable to be mistaken 
for, either magnesic or zincic anlphatea. The crystals are intensely acid, 
easily soluble in water (1 part requiring at 14'5° 10'46 parts of water) ■ 
they are also soluble in 'ij4 parts of cold, and readily in boiling, alcohol. 
Oxalic acid is sligh tly soluble in cold absolute ether : but ether, although 
extracting most organic acida from an aqueous solution, will not extract 
oxalic acid. 

Oxalic acid sublimes slowly at 100°. but rapidly and completely at 
150" ; the best means of obtaining the pure anhydride, is to put a suffi- 
cient quantity of the acid into a strong flask, clamp it by suitable con- 



* Chem, News. vol. xxxvi.. p. 98. 

t Ann. Chem. Pkarm. voL Izi., p. 397. 
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^ectioiiB to the mercury pump described at page 63, and sublime i: 
Tacuum ; in this waj a sufficient quantity may be sublimed a little abova 
100°. It is well to remember, not only its low subliming temperature, 
but also that an aqueous solution, if kept at 100°, loees acid ; hence all 
evaporating or heating operations must not exceed 98°, or there will be 
some loss. The effect of heat is first to drive off water, then, if contin- 
■ ned up to about 190°, there is decomposition into carbon oiide, dioxide, 
water, and formic acid ; the two reactions occurring simultaneously — 

SC,H,0,=-CO,+ C0+ H,0. 
C,II,0.=CO,+CH,0,. 
Heated with sulphuric acid to 110°, the following decomposition 
takes place : — 

H,C,0.=H,0+CO.+CO. 

Oxalic acid decomposes fluor spar, the phosphates of iron, silver, zinc, 
copper, and the arseniates of irou, silver, and copper. It may be used to 
Kparate the sulphides of iron and manganese from the sulphides of zinc, 
oadminm, nranium, cobalt, mercury, and copper — dissolving the former, 
not the latter. Many minerals and other substances are also attacked by 
this acid. 

If a solution of oxalic acid in water is boiled with ammonio or sodio 
terchloride of gold (avoiding direct exposure to light) the gold is precip- 
itated— 

2AnCl,+3n,C,0,— 6C0,+6HC1+Au,. 

■\VTien black oiide of manganese (free from caroonate) is mixed with 
ui oxalate, and treated with dilute sulphuric acid, the oxalic acid is de- 
composed, and carbon dioxide evolved — 



MnO,+H,C,0,+H,SO,=NnSO,+2H,0+2CO^ 



^^^Va similar reaction occurs with permanganate of potash. 

I U to a Bolntion of osalic acid, which may bo neutralised with an al- 

hli, or may contain free acetic acid, a solution of acetate of iime be 
idded, oxalate of lime is thrown down. This salt, important in an analy- 
ticil point of view, it will bo well to describe. 

Oxalate of Lime (CaC,0,H,0), 1 part=863 crystallised oxalic acid. 
Hue is the salt which the analyst obtains for the quantitative estimation 
(( lime or oxalic acid ; it is not identical with that occurring in the vege- 
Uble kingdom, the latter containing 3H,0. Oxalate of lime canuot be 
Incmitated for quantitative purposes from solutions containing chro- 
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mium, alumininni, or ferric iron, since somowhat soluble salts arc toTtaml 
It dissolvL^a iu solutions of magnesium and mangiiDese, * and citrate of 
8oda, uad ia also decomposed by boiling with, solutions of copper, silver, 
lead, cadmium, zinc, nickel, cobalt, strontium, or barium. It ia insolu- 
ble in solutions of chlorides of the alkalies and alkaline earths, and in 
water, in alkaline solutions, or in acetic acid; and is soluble iu mineral 
acid only when the acid is strong and in considerable excess. It is un- 
alterabltt in the air, and at lOO'. When carefully and slowly ignited it 
may be wholly converted into carbonate of lime ; if the heat ianot prop- 
erly managed (that is, if excessive), caustic lime may be formed in greater 
or smaller quantity. 

fie (7j the Arts. — Oxalic acid ia chiefly used by dyers and calico- 
printers, but also by curriers and harness-makers for cleaning leather, by 
marble masons for removing iron stains, by workers in straw for bleach- 
ing, and it is applied to various household purposes, \ such as the whiten- 
ing of boards, the removing of iron-mould from linen, &c. The hydro- 
potassic oxalate (binoxalate ot potash) under the popular names of " es- 
sential salt 0/ ZemojjJt," and salts of sorrel, is used for acouring metals 
and for removing ink-stains from linen. 

BydTopottusic Oxalate, Binoxalate of Potash, KIIC,0,(H,0), ia a 
white salt, acid in reaction, soluble in water, and insoluble in alcohol 
Heated on platinum foil it leaves potassic carbonate, which may be recog- 
nised by the ueual testa. Its aqueous solution gives, with a solution of 
acetate or sulphate of lime, a precipitate of calcic oxalate insoluble in 
acetic acid. 

Stallsiics. — Poisoning by oxalic acid ia more frequent in England 
than in any other European country. In the five years 1875-80, there 
were registered ia England 74 deaths from oxalic acid — of these 65, or 
87'8 percent., were suicidal, the remainder accidental. Of the 74 deaths, 
41 were males and 33 females— 1 was a child between 5 and 10 years of 
age, 3 were between 15 and 30, 7 between 20 and 25, 6 between 25 and 
35, 39 between 35 aud 55, and IS between 55 and 75. 

Fatal Dose. — The smallest doae of oxalic acid known to have des- 
troyed life ia, according to Dr. Taylor, 3-88 grms. (60 grains) ; but reco- 
very has taken place, on prompt administration of remedies, after eight 
times this quantity had been swallowed. 

With regard to oxalate of soda, or binoxalate of potash, 14*3 grms. 
(half an ounce) have been taken without fatal result, although the symp- 
toms were very aerious; and it may be held that about that quantity 
would usually cauae death. Oxalic acid is not used in medicine. 

• But it in reprecipitated unaltered by excess of alkaline oxalate. 

t A "Liquid Blue," used for laundry purposes, contoina much free ozalio 
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Effects of Oxalic Acid and Oxalates on AntTnals, — The first cases of 
potsomug by oxalic acid occurred curly in the niueteentli cejitury, a little 
more than fifty years after its discovery. Thompson* was the first who 
attempted by experiment on animal life to elucidate the action of the 
poison; he noted the caustic action on tho stomach, and the effects on the 
heart and nervous system, which he attributed simply to the local injury 
through the sympathetic nerves. Orfila f was tho next who took tho 
matter up, and he made several oxperiments ; bnt it was Robert Christi- 
8on t '^'^^ distinctly recognised the important fact that oxalic acid was 
toxic, quito apart from any local efEects. and that the solnble oxalate, such 
as aodic and potaaaic oxalates, were violent poisons. 

Kobcrt and Kiissner g made, two or three years ago, some very ex- 
tended researches on the eSects of sodic oxalate on rabbits, cats, dogs, 
guinea-pigs, hedgehogs, frogs, &c., — the chief results of which are as fol- 
lows : — On injection of sodic oxalate solution iu moderate doses into the 
circulation, the heart's action, and, therefore, tlie pulse becomes arhyth- 
tnic ; and a dicrotic or tricrotic condition of the pulse may last even 
half a day, while at the same time the frequency may be uninfluenced. 
The blood-pressnro also with moderatt; doses is normal, and with small 
ataxic doses there is no slowing of the respiration. On the other hand, 
toxic doses paralyse the respiratory apparatus, and the animal dies as- 
phyxiated. With chronic and subacute poisoning the respiration be- 
comes slower and slower, and then ceases from paralysis of the respira- 
tory muscles. The first sign of poisoning, whether acute or chronic, is a 
deopy condition ; doga lie quiet, making now and then a noise as if 
dieaming, mechanical irritations are responded to with dullness. The 
Wnd extremities become weak, and then the fore. This paresis of the 
Mad extremities, deepening into complete paralysis, was very constant 
snd striking. Take, for example, from the paper (Op. cit.) the experi- 
ment in which a large cat received in six days five subcutaneous injeo- 
tiona of 5 cc. of a solution of sodic oxalate (strength 1 :30), equalling '16 
grm. : the cat died, as it were, gradually from behind forwards, so that 
cn'tho sixth day the hinder extremities were fully motionless, and with- 
out feeling. The heart beat strongly. The temperature of the poisoned 
•nitnsl always sink below the normal condition. ConTulaions in acute 
poisoning are common, in chronic quite absent; when present iu acute 
poiioning, they are tetanic or strychnic-like. In all tho experiments of 

*Lond. Med. Rep., vol. iii., p. 3S3. 

\ Traiti de Toxirologie. 

\Edln. Med. and Surg. Jmim . 1828. 

gEjper. Wirkttngim (tor Oxaladure. Virch. Archiv. Bd. Ixxvii,, S. 20a 
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Kobert and Kussner, lethal doses of soluble oxalates caueed the appear- 
ance of Eugitr in the urine. 

J. Uppniain* made forty-nine experiments on dogs, in which he 
administered relatively large doses by the stomach ; no poisonous effect 
followed, Emil Pfeifferf gave a dog in three successive days "2, '5, and 
lastly 1 grm. oxalic acid with meat, but no eymptoins reBulted. Yet that 
oxalic acid, as aodic oxalate, is poisonous to dogs, if it once gets into the 
cii-colation, cannot be disputed. The accepted explanation is that the 
large amount of lime phosphates in the digestive canal of dogs is decom- 
posed by oxalic acid, aud the harmless lime oxalate formed. 

Oxalic acid is absorbed into the blood, and leeches have been known 
to die after their application to a person who had taken a large dose. 
Thus Chriatisont qootes a case related by Dr. Arrowamith, in which this 
occurred :— " They were healthy, and fastened immediately ; on looking 
aj them a few minutes after, I remarked that they did not seem to fill, 
and on touching one it felt hard, and instantly fell off motionless and 
dead ; the others were in the same state. They had all bitten, and the 
marks were conspicuous, but they had drawn scarcely any blood. They 
were applieil about six hours after the acid had been taken." 

Effects of Vaporised Oxalic Acid. — Eulenberg has experimented by 
pigeons on the action of oxalic acid when breathed. In one of his 
experiments, '75 grms. of the acid was volatilised into a glass shade, 
in which a pigeon had been placed ; after this had been done five times 
in two minutes, there was uneasiness, shaking of the head, and cough, 
with increased mlicous secretion of the nasal membrane. On continu- 
ing the transmission of the vapour, after eight minutes there was again 
restlessness, shaking of the head, and cough ; after eleven minutes the 
bird fell and was convulsed. On discontinuing the sublimation, it got 
up and moved freely, but showed respiratory irritation. On the second 
day after the experiment, it was observed that the bird's note was hoarse, 
on the fourth day there was slowness of the heart's action and refusal 
of food, and on the sixth day the bird was found dead. Examination 
after death showed slight injection of the cerebral membranes ; the cellu- 
lar tissue in the neighbourhood of the trachea contained in certain 
places extravasations of blood, varying from the size of a pea to that 
of a penny ; the mucous membrane of the laiynxand trachea was swollen 
and covered with a thick croupous layer ; the lungs were partially hepa- 
tised and the plura thickened ; the crop as well as the true intestines 
still contained some food,§ 

• AUg. Med. Central Ztg.. 1877. 

t Arehiv der Pharm. (3 R.). Bd. xiii, 3. 644, 1878. ^^^ 

% " Treatise on Poisons." ^^^^H 

g Oewerbe HygUne. p. 42S. ^^^^| 
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7%e Sffecti of Oxallr Acid and Hydropotassic Oxalate on Man. — 
The caaea of oxalic poisoning hflve been invariably due to either oxalic 
acid or hydropotassic oxalate, the neutral aodic or potaesic oxalates hav- 
ing hitherto in no inHtance been taken. The symptoms, and even the 
locally destructive action of oxalic acid and the acid oxalate, are so 
Bimilar that neither from clinical nor post-mortem aigna could they be 
differentiated by any one not having a previous knowledge of the ease, 

The external application of oxalic acid does not appear to cause 
illneae : workmen engaged in tradea requiring the constant use of the 
acid often have the nails white, opaque and brittle ; but no direct injury 
to health is on record. 

A large dose of either caueea a local and a remote effect ; the local ia 
very similar to that already described aa belonging to the mineral acida — 
»'.«., more or less deatnictive of the mucona membranes with which the 
acid comes in contact. The remote effects may only be developed after 
a little ; they consist essentially of a profound influence on the nervona 
Bjatem. Though more than 120 cases of oxalic acid poisoning have 
occurred since Chriatison wrote his treatise ; his graphic description still 
holds good. "If," says he, "a person immediately after swallowing a 
solution of crystalline salt, which tasted purely and strongly acid, is 
attacked with burning in the throat, then with burning in the stomach, 
vomiting, particularly of bloody matter, imperceptible pulse, and excea- 
ave languor, and diea in half an hour, or still more, in twenty, fifteen, 
or ten minutes, I do not know any fallacy which can interfere with the 
conclusion that oxalic acid was the cause of deatli. N'o parallel disease 
be^na so abruptly, and terminates so soon ; and no other cryatalllno 
poison has the same effect." The local action is that of a solvent on 
the mucous tissues. If from 10 to 30 grma. are swallowed, dissolved 
in water, there ie an immediate sour taste, pain, burning in the stomach, 
and vomiting The vomit may be colourless, greenish, or black, and 
THy acid ; but there is a considerable variety in the symptoms. The 
nriations may be partly explained by saying that, in one class of cases, 
the remote or true toxic effects of the poison predominate ; in a aecund, 
the local and the nervous are equally divided ; while in a third, the local 
■fleets seem alone to give riao to aymptoms. 

In a case at Guy's Hospital, in 1842, there was no pain, but vomit- 
ing and collapse. In another case which occurred in 1870, a male (aged 
forty,eight) took 10-4 grms. (163 grains); he had threatening collapae, 
wld sweats, white and rod patches on the tongue and pharynx, difficulty 
in swallowing, and contracted pupils. Blood was effused from the 
oontb and anns ; on the following day there were convulaions, coma, 
Mil death, thirty-six hours after taking the poison. In another case, 
I (here was rapid loss of consciousness and coma, followed by death in five 
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hours. Death may be very rapid — e.g., in one ease {Med. Times and 
Gaz., 1868) it took place in ten minutes ; there was bleeding from the 
stomach, which doubtless accelerated the fatal result. Orfila has re- 
corded a deatli almost as rapid from the acid oxalate of potash ; a 
woman took 15 grms.; there was no vomiting, but she auHered from 
fearful cramps, and death ensued in fifteen minutes. In another case, 
also recorded by Orfila, there was marked slowing of the pulse, and 
soporific tendencies. With both oxalic acid and the acid oialate of pot- 
aab, certain nervous and other sequelie are more or less constant, always 
provided time is given for their development. From the experiments 
already detailed on animals, one would eipect some paresis of the lower 
■ertremities, but this has not been observed in man. There is more or 
less inSiimmation of the stomach, and often peritonitis ; in one case 
(Brii. Med. Journal, 1873) there was cystitis and acute congestion of 
the kidneys with albuminuria. 

In two cases quoted by Taylor, there was a temporary loss or enfeeble- 
nesa of voice ; in one of the two, the aphonia lasted for eight days. In 
the other, that of a man who had swallowed about 7 grms. {}i oz.) of 
oialie acid, hia voice, naturally deep, became in nine hours low and 
feeble, and continued so for more than a month, during the whole of 
which time he suffered in addition from numbeess and tingling of the 
legs. As a case of extreme rarity may be mentioned that of a young 
woman,* who took 13 grms. (185 grains) of the acid oxalate of potash, 
and on the third day died ; before death exhibiting delirium so active 
and intense that it was described as "madness." 

Phyxiological Action. — Putting on one side the local effects of oxalic 
acid, and regarding only its true toxic effects, there is some differ- 
ence of opinion as to its action. L. Hermann considers it one of the 
heart poisons, having seen the frog's heart arrested by subcutaneous 
doaea of sodic oxalate, an observation which is borne out by the experi- 
ments of Cyon, t and not negatived by those of Kohert and Kiissncr. The 
poison is believed to act on the estracardial ganglia. Onsum J held at 
one time a peculiar theory of the action of oxalic acid, believing that ic 
precipitated as oxalate of lime in the lung capillaries, causing embolio 
obstruction ; hut this view is not now accepted — there are too many ob- 
vious objections to it. Kohert and Kussner do not consider oxalic acid 
a heart poison, hut believe that its action ia directed to the central D 



* Jbum. tie Chim. MM.. 1889, p. 5M. 
+ Vxreh. Archiv. Bd. xx., a. 333. 



i Almen afterwards supported Onmim's view : he made a number of mfoo* 
Hcopical observations, and appears to have been tbe first who identified oxalatB 
of lime in the kidneys (Upsala, lAkarelfSrenninga, Ferban, Bd. ii. iv„ 8. 265.) 
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9 attested by siuking of the blood-pressure, the arhythm 
and retardation of the pulse, the slow breathing and the paralytic sjmp- 
tome. 

Palhological Changes. — Kobert and Kussner observed that when oia. 
late of Boda was subcutaneouslj injected into animals, there was often abs- 
cess and even gangrene, at the seat of the injection. If the poison were 
injected into the peritoneal cavity, death was so rapid as to leave little 
time for any couse lesionB to manifest themselves. They were not able 
to obaerve a cherry- rod colour of the blood, nor did they find oxalate o( 
time crystals in the lung capillaries ; there were often emliolic processes 
in the lung, but nothing typical. They came, therefore, to the conclu- 
iion that the state of the kidneys and the urine was the only typical sign. 
The kidneys were dark, full of blood, but did not show any microscopic 
hemorrhages. Twelve hours after taking the poison there is observed in 
the cortical substance, a fine striping corresponding to the canaliculi ; in 
exquisite caaes the whole boundary layer is coloured white. If the poi- 
WBing lasts a longer time, the kidneys become lees blood-rich, and show 
the white striping very beautifully ; this change persiata several weeks. 
The cause of this strange appearance is at once revealed by a microscopi- 
ctJ examination ; it is due to a deposition of oxalate of lime ; no crystals 
are met with in the glomcrules. By not alone the microscc^, but also 
by chemical means, it may be shown that the content of the kidney in 
oxalates is large.* The urine was always albuminous and contained a 
reducing substance, which vanished about the second day after the dose. 
Hyaline casts and deposits of oxalate in the urine never failed, f 

Observations of the pathological effects of the oxalates on man have 
been confined to cases of death from the corrosive substanceF mentioned, 
and hence the intestinal tract has been profoundly affected. 

In the museum of St. Thomas' Hospital ia a good example of the ef- 
fects produced. The case was that of a woman w!io had taken a large, 
tmkaown quantity of oxalic acid, and was brought to the hospital dead. 
Tbe mucous membrane of the gullet is much corrugated and divided 
into numerous parallel grooves ; these again by little transverse grooves, so 
tlutthe intersection of the two systems makes a sort of raised pattern. It ia 
lotedtbat in the recent state, the mucous membrane could be removed in 

• The important fact of the oialate-content of the kidneys and urine, and the 
VpoIsiOD of casts, was first observed by Mitscherlich In 1354. He noticed in a 
•iMst, to which had been given 7'G grms. of oxalic acid, and which had died in 
ttiiteen minutes, " renes paaiMftim magU aaoffuine replete viddxtntur tw vrina 
^^^forporainvenidmritur quce tuimlos Bellaiianetexplesevidenivr'' {Df acidi 
■WW, oxntiei, tartariei, ciinci, formict. et boracico, <fcc., Berlin). 



I Rabul«au has discovered by experiment that evi 
it are deoompoeed and separated by tlie kidneys. 



a tbe oxalates of iron and 
Gaz. MM. dt Paris. 1874. 
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flakes ; in the upper part it was whitish, in the lower slate-coloured. The 
Btomsch has a large perforation, hut placing the specimeD beside another 
in the same museum which illustrates the effect of the gastric juice, in 
causing an after-death solntiou of a portion of the stomach, I was UDable 
to diSerentiate between the two. The mucous membrane had the same 
shreddy flocculent appearance, and is soft and pale. The pyloric end i» 
said to have been of a blackish colour, aud no lymph was exuded. 

The pathological changes by the acid oxalate of potash are identical 
with these of oxalic acid, in both the gullet and stomach being nearly 
always more or less inflamed or corroded ; the inflammation in a few 
cases haa extended right through into the intestinal canal ; there are 
venous hyperfemia, hiemorrhages, and swelling of the mucous membrane 
of the stomach. The hBemorrhagea are often punctiform, but occasion- 
ally larger, arranged in rows on the somouts of the nigie ; sometimes, 
there is considerable bleeding. In the greater number of cases there is 
no actual erosion of the stomach, but the inner layer api)ear9 abnormally 
transparent. Ou examining the mucous membrane under the microscope, 
]jesser* has described it as covered with a layer which strongly reflects, 
light, and is to be considered as caused by a flue precipitate of calcic 
oxalate. Leaser was unable to And in any case oxalic acid crystals, or 
those of the acid oxalate of potash. There are many cases of perforation 
on record, but it is questionable whether they are not all to be regarded 
aa post-moriem e£Eects, and nut life-changes ; at all events there it little 
clinical evidence to support the view that these perforations occur during 
life. In the case (mentioned ante), in which death took place by coma, 
the brain was hyperiemic. The kidneys, as in the case of animals, show 
the white zone, aud are congested, and can be proved by nucr(»copioaI 
aud chemical means to be rich in oxalates. 

Separation of Oxalic Acid from Organic Substances, the Tissue* 
of the Body, i&c. — From what has been stated, no investigation as to the 
oauae of poison, when oxalic acid is auapected, can he considered com- 
plete, unless the analyst has an opportunity of examining both the urine 
and the kidneys ; for although, in most cases — when the acid itself, or 
the acid potassic salt haa been taken — there may be ample evidence, 
both chemical aud pathological, it is entirely different if a ease of poi- 
soning with the neutral aodic salt should occur. In this event, there 
may bo no congested appearance of any portion of the intestinal canal, 
and the evidence must mainly rest on the urine and kidneys. 

Oxalic acid being so widely distributed in the vegetable kingdom, 
the expert must expect, in any criminal case, to be croaa-examined by 
ingenious counsel, as to whether or not it was possible that the acid 

•Virchow'a Jreftiu, Bd. Isniii,, 8. 218, 1881. 
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vml^a^ entered tlie body in a rhubarb-pie, or accidentally tlirongh 
wrrel mixed with greeus, &e. To meet these and eimilar questions it is 
important to identify, if possible, any green matters found in the stom- 
8ch. In any case it must be remembered, that although rhuburb has 
been eaten for centuriea, aud every schoolboy has occasionally chewed 
imall portions of sorrel, no poisoning has resulted from these practices. 
When oxalic acid has been taken into the stomach, it will invariably bo 
funnd partly in combination with lime, soda, ammonia, &c., and partly 
free ; or if such antidotes as chalk have been administered, it may be 
wholly combined. Vomiting is nearly always present, and valuable evi- 
dence of oialio acid may be obtained from stains on sheets, carpets, &c. 
In a recent case of probably suicidal poisoning, the writer found no ox- 
alic acid in the contents of the stomach, but some was detected in the 
copious vomit which had stained the bed-clothes. The urine also con- 
tained a gre-at excess of oxalate of lime — a circumstance of little value 
taken by itself, but confirmatory with other evidence. If u liquid is 
strongly acid, oxalic acid may be separated by dialysis from organic mat- 
t«r8, and the clear fluid thus obtained precipitated by sulphate of lime, 
tlie oxalate of hme being identified by its microscropic form and other 
ctiamctera. 

The usual general method for the separation of oxalic acid from 
organic substances or mixtures is the following : — Extract with boiling 
water, filter (which in some cases must be difficult or even impossible), 
wd then precipitate with acetate of lead. The lead precipitate may con- 
uin, besides oxalate of lead, phosphate, chloride, sulphate, and various 
organic aubatanees and acids. This is to be decomposed by salphuretted 
hydrogen, and on filtering ofE the sulphide of lead, oxalic acid is to be 
tested for in the filtrate. This proeess can only he adopted with advan- 
t*ge in a few cases, aud is by no means to be recommended as generally 
^licablo. The best general method, aud one which insures the separa- 
tion of oxalic acid, whether present as a free acid, aa an alkaline, or a 
cilcic oxalate, is perhaps the following : — The substance or fluid under 
tumioatioD is digested with hydrochloric acid until a fluid capable of 
flltniiion is obtained ; the free acid is neutralised by ammonia in very 
•liglit excess, and permitted to deposit, the fluid is then carefully de- 
(«at«i, and the deposit thrown on a filter. The filtrate is added to the 
^Dted fluid, and precipitatetl with a slight excess of acetate of lime — 
UiiB precipitate, like the first, being collected on a filter. The first pre- 
ttjiitate contains all the oxalic acid which was in combination with lime ; 
*l»Becond, all that which was in the free condition. Both precipitates 
AoQid be washed with acetic acid. The next step is to identify the pre- 
cipitate which is supposed to be oxalate of lime. The precipitate is 
I VuludinU) » beaker, and dissolved with the aid of heat by adding, drop 
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by drop, pure hydrochloric acid ; it ia then precipitated by ammoCB; 
and allowed to subside completely, which may take some time. The 
supernatant fluid is dccaDted, and the precipitate washed by eubsidence ; 
it IB lastly dried over the water-bath in a tared porcelain diah, aad its 
veight taken. The substance is then identified by testing the dried 
powder as follows : — 

(a.) It is whitish in colour, and on ignition in a platinum dish 
leaves a gr^y carbonate of lime. All other organic salts of Ume — tiz., 
citrate, tartrate, Ac. — on ignition become coal-black. 

(i.) A portion suspended in water, to which ia added some sulphuric 
acid, dostroya the colour of permanganate of potash — the reaction being 
similar to that on p. iSl — a reaction by which, as is well known, oxalic 
»oid or au oxalate may be conveniently titrated. This reaction ia so 
pecuhar to oxalic acid, that there is no substance with which it can b© 
confounded. It is true that nric acid in an acid solution equally de- 
ooloriees permangnnate, but ic does so in a different way; the reaction 
between oxalic acid and pennanganate being first slow, and afterwards 
rapid, while the reaction with uric acid is just the revetse — at first 
quick, and towards the end of the process extremely slow. 

(c.) A portion placed in a test-tube, and warmed with concentrated 
sulphuric acid, develops on warming carbon oxide and carbon dioxide ; 
the prcecnce of the latter is easily shown by adapting a cork and bent 
tube to the teat-tnbe, and leading the evolved gases through baryta 
•mint. 

Qzalaie of timt in Ihe Urine. — This well-known urinary aedi- 
ment cx^curs chiefly as octahedra, but hour-glass, eontract«d or dnmb- 
bell-like bodi««, compound octahedra, and eoiall, flattened, bright discs, 
not unlike blood discs, are fre<iuently seen. It may be usually identifi- 
ed under the field of the microscope by its insolubility in acetic acid, 
whilst the ammonio mag. phosphate, as well as the carbonate of lime, 
an? both soluble in that acid. FVom urates it is distinguished by its in- 
solability in warm water. A chemical method of separation is aa fol- 
lows : — The deposit is freed by subsidence as much aa poedble from urine, 
washeil with hot water, and then dissolved in hvdrochloric acid and fil- 
tcnd; to the SltnUe ammonia is added in excess. The invcipitate may 
contain plioq>hates of iron, mafmcsia. lime, and onlate of lime. On 
trMtment of the precipitate by acetic acid, the phcepbatee of the alka- 
Kne cwths (if pioseot) disaolTe, the insoluble portion will be eitherpbos- 
phato at iroo, or oxalate ot Uoe. or both. On igniting the residue in a 
pfaAittaB dish. «DT ox]at« wiU be changed to carbonate, and the c-arbon- 
at* of lime may be titrated with d. n. HCl acid and coehineal »>lution, 
and from the data thus obtained the oxalate estimated. The iron can 
}m tailed qaalitatively in the acid sohitioo by fenocja&Kle of potash, or 



J 



OXALIC ACID. 467 ■ 

it can be determined by the ordinary methods. If the qiialitativQ detcc- ' 
tion uf oxalate of lime in the doposit is alone required, it is quite anffi- 
cient evidence should the portion insoluble in acetic acid, on ignition in 
a platinum dish, give a residue efferrescing on the addition of an acid. 

Estimation of Oxalic Acid. — Oxalic acid ia estimated in the free J 
state by direct weighing, or by titration either with alkali or by potassio 
pennanganate, the latter being standardised by oxalic aeid. If (as ia 
commonly the case) oxalic aeid is precipitated as oxalate of lime, the | 
oxalate may be — 

(a.) Dried at 100° and weighed directly, having the properties al- 
ready described, 

(b.) Titrated with dilute sulpharic acid and permaugaaate. 

(c.) Ignited, and the reaidting carbonate of lime weighed ; or dis- 
solved in standard acid and titrated ba^k — one part of calcic carbonate I 
corresponds to 1-26 part of crystallised oxalic acid, or '88 part of | 
CjOt ; similarly, 1 cc. of standard acid equals '05 of calcic carbonate 
(or -OCS of crystallised osalic acid). 

(d.) The oxalate may be dissolved in the smallest possible amount of 
hydrochloric acid, and boiled with ammonio chloride of gold, avoiding 
exposure to light ; every part of gold precipitated corresponds to "961 
puts of crystallised osalic acid. I 

(e.) The oxalate may be placed in Geissler's carbonic acid apparatus, i 
▼ith peroxide of manganese and diluted sulphuric acid. The weight of ] 
the ^s which at the end of the operation has escaped, will have a ] 
definite relation to that of the oxalate, and if multiplied by 1-4318 will ] 
give the amount of crystallised oxalic acid. 

CERTAIN* OXALIC BASES— OX ALMETBXLnra— 
OXALPROPYLINE. 



Hugh Schulz* and Mayer have recently contributed the reeults of some im- 
portant reeearcbes bearing upon a more eiact knowledge of the effects of tha i 
QizUc group of poisons, and upon the relation between chemical constitution and ' 
phyfiological effects. They experimented upon oxalmeikyline, ehlorojsaljneth- 
jJtiie and oxalpropgline. 

ChkmKtalmethyline (C.H.CIN,) is a liquid, boiling at 305°, with a wealdy 
DBreotic smeU. A solution of the hydrochlorate of the baae was employed. Sub- 
cotaiUKms injections of 'OS grm. into frogs caused narcosis, and lioth tlus and the ' 
ethylic compound deranged the heart's action, decreasing the number of beats, i 
Thus '05 grm. decreased the number of the beats of the heart of a frog in the I 
course of one and three-quarter hours, as follows : 72. 60, 58, BO, 44. 40. 35. 0. 

{ketihnflhj/Kjte produces somewhat similar Bymptoma, but the nervous system 
b more affected than in that which contains chlorine. 

'Beilrag rtir Kenntni»a der Wirhing dcr Oxalbasen aitf den Tliierkorper. 
irtk.f. Beper. Path. u. Pkarm., 1882. 
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Oxcdpropyline also causes narcosis, and afterwards paralysis of the hinder ex- 
tremities and slowing of the heart. 

The difference between the chlorine-free and the chlorine-containing oxalic 
bases are summarised as f oUows : — 

FROGS. 

Chlorine-Holdiko Bases. CHLORmE-FREE Bases. 

Notable narcosis ; no heightened re- Narcosis occurs lat«, and is little pro- 

flex action, muscular cramps, nor spon- nounced ; a notable increase of reflex 
taneoas convulsions. excitability; more and more muscular 

• paralysis; between times, muscular 
cramps. 

CATS. 

Notable narcosis and salivation ; no Great excitement ; general shiver- 

mydriasis ; convulsions and paralysis ; ing, rising to pure clonic convulsions ; 
no change in the respirations. paralysis of the hind legs ; notable 

mydriasis, jerking, and superficial res- 
piration ; weak narcosis. 

DOGS. 

Notable narcosis ; occasional vomit- Narcosis evident; the rest as in cats, 

ing ; the rest as in cats. 
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L-PRECIPITATED FEOM A HYDROCHLORIC ACID SOLU- 
TION BY H^'DRIC SULPHIDE— PRECIPITATE YELLOW 
SiANGE. 
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ARSENIC. 



% to 5-96, 
) Ouy. 



Metallic Arsenic, at. wt. 75, specific gravity of solid 5"C 
nblimes without fusion in amall quantities at 110° (!i30° 
oocnra in commerce in whitish-groy, somewhat brittle. crystiiUine masses, 
sad is obtained by subjecting arsenical pyrites to sublimation in earthen 
reWrts. the arsenic being deposited in suitable receivers on sheet iron. 
In tbe course of analysis, however, it is usually seen as a film on copper, 
sstuin on jrorcelain, or a metallic ring in the interior of glass tubes : the 
toinctive marks of these stains are described, p. 62G. MetuUie arsenic 
isprobably not poisonous, but may be changed by the animal fluids into 
loinble compounds, and then exert toxic effects — volatilised metallic ar- 
•oicis transformed into ursenious acid, and is therefore intensely poi- 

KWlOliB, 

Arsenious Anhydride — Arse?iioits Acid — While Arsenic — Arsenic. 
^0,=19tl ; specific gravity of vapour, 13'85 ; specific gravity of opaqne 
^*ty, 3-609 ; specific gravity of transparent variety, 3-7385. Conipo- 
"tion in loo parts. As 75'75, 24-25 ; therefore one part of metallic ar- 
Knio equals 1-32 of As,0,. 

In analysis it is obtained in brilliant, octahedral crv'stals as a subti- 
"^ite in discs or glass, or within tubes, the result of heating a film of me- 
'ulic arsenic with access of air. It is obtained in commerce on a very 
•fgc scale from the roasting of arsenical pyrites. As thus derived, it is 
""■•lly in tbe form of a white cake, the ursenious acid eiisting in two 
foniL»l-an amorphous and a crystalline — the cake being generally opaque 
Eternally, whilst in the centre it is transparent. According to Kmger, 
U)U change from the crystalline to the amorphous condition is depend- 
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eat upon the absorption of moistnrc, no altoration taking place in dry 
air. Both Tariedea of arsenlons aahydride are acid to t«Bt paper. 

Tlie aolubilitj of araenioos acid is often a qnestion inTolving chem- 
ical legal matters of great moment. Unfortunately, however, no pre- 
cisely definite statement can be made on this point, the reason being 
that the two varieties of arsenic occur in very different proportions in 
different samples. Both the amorphous and crystalline varieties having 
very unequal solubilities, every experimenter in Succession has given a 
different series of figures, the only agreement amid the general discrep- 
ancy being that arsenic is very sparingly soluble in water. 

The statement of Taylor may, however, be accepted as verj- near the 
truth — viz., that an onnce of cold water dissolves from half a grain to & 
grain. According to M, L. A. Buchuer,* one port of crystalline arscn- 
iou3 acid dissolves after twenty-four hours digestion in 355 parts of 
water at 15° ; and the amorphous, under the same condition, in 108 of 
water. A boiling solution of the crystalline acid, left to stand for 
twenty-four hours, retains one part of acid in itj of water ; a similar 
solution of the amorphous retains one of arsenic in 30 parts of water — 
i.e., 100 parts of water dissolve from 2'01 to 3'3 parts of As,Oj. 

Boiling water poured on the powdered substance retains in cooling a 
grain and a quarter to the ounce ; in other words, 100 parts of water 
retain -lO. Lastly, arseuious acid boiled in water for an hour is dis- 
solved in the proportion of 12 grains to the ounce — i.e., 100 parts of 
water retain 2'5. 

Arseniurefted Hydrogen Arsine, IIjAa. — iloL weight, 78 ; Tol. 
weight, 39 ; specific gravity, 3'703 ; weight of a litre, 3'4944 ; percent- 
age composition, 95-69 As, 4'31 H; volumetric composition, 2 vol. 
HjAs^half vol. Ac-|-3 voL H. A colourless inflammable gas, of a fmtid 
alliaceous odour, coercible into a limpid colourless liquid at a tempera- 
ture of from - 30° to - W. The products of the combustion of areeniu- 
retted hydrogen are water and arsenious acid ; thus, 2HiA8-|-60»=- 
3H»0-i-AS,0j, If supplied with air in insufficient quantity, if the flame 
itself btp cooled by (for exampleij a cold porcelain plate, or if the gas pass 
through a tube any portion of which is heated to redness, the gas is de- 
composed and the metal separated. Such a decomposition may bo 
compared to the deposit of carbon from ordinarv flames, when made to 
play upon a cooled surface. The gas burns with a blue-white flame, 
which is very characteristic, and was first observed by Wackeuroder. It 
cannot, however, be properly seen by using the ordinary apparatus of 
Marsh, for the flame is always coloured from the glass ; but if the gas is 
made to stream through a platinum jet, and then ignited, the characters 
mentioned are very noteworthy. 

• Bull, de la SocUti Chtm. de Paria. t, :::x. 10. 1373. 
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Oxygea or air, and arseoinretted hydrogen, make an ezploaiTe mix-1 
tore. Chlorine decomposes the gas with great energy, combining with | 
the hydrogen, and setting free arsenic as a brown cluud ; any excess ot I 
chlorine combines with the arsenic as a chloride. Sulphur, submitted f 
to arseniuretted hydrogen, forms sulphuretted hydrogen, whilst first 1 
arsenic and then sulphide of arsenic separate. Phosphorus acta in a^' 
similar way. Arseniuretted and sulphuretted hydrogen may be evolved 
at ordinary temperatures without decomixisition ; at the boiling point of 
mercnry (350°) they are decomposed, sulphide of arsenic and hydrogen 
being formed : thus, 3H,S+2AsHj=A8,Sj+6H„ a reaction which is of 
some importance from a practical point of view. Many metals have also 
the property of decomposing the gas at high temperatures, and setting 
hydrogen free. Metallic oxides, again, in like manner, combine with . 
arsenic, and set water free, e.g., 3CuO+2H,As=Cu)As,-(-3II,0. | 

Arseniuretted hydrogen acts on solutions of the noble metala likaJ 
phosphuretted hydrogen, precipitating the metal and setting free arsen^ I 
ISXB acid ; for example, nitrate of silver is decomposed thua — I 

12AgXOa+2H,As+3H,0=A8,0,+12HNO,+12Ag. I 

TbM reliction admits of valuable practical application to the estimation I 

of usenic ; for the precipitated silver is perfectly arsenic free ; the excess I 

of nitrate of silver is easily got rid of by a chloride of sodium solution, I 

and the absorption and decomposition of the gas are complete. I 

In cases of poisoning by arseniuretted hydrogen, the blood, when 1 

examined by the spectroscope (a process the analyst should never omit I 

where it is possible), is of a peculiiir inky colour, and the bands between I 

D and C are melted together, and have almost vanished. Such blood, I 

Bxposed to oxygen, remains unaltered. | 

Arseniuretted Hydroyen in the Arts, i£c. — In the bronzing of brass, I 

in the desilverising of lead by zinc, and subaequeut treatment of th© I 

lilter zinc with hydrochloric acid, in the tinning of sheet iron, and similar J 

processes, either from the use of acids containing arsenic as an impurity, I 

or from the application of arsenic itself, arseniuretted hydrogen is I 

evolved. Of late years, moreover, this gas has been recognised as a 1 

Boarce of disease, by being emanated from wall papers which had been 1 

ttrongly impregnated with arsenic, the gas resulting from the contact of | 
areenious acid with organic matter.* 

The researches of Fleck, ridiculed by L. Krahmer,t are confirmed 
by Sonnenschein.J who, by the aid of an aspirator, drew the air of a 

• Fleck, ZeitKhr. fSr Biologie, Bd. viii., p. 445. . 
f BuntSmeh tier Staaig-Arateikujule, il, 455. ■ 
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room first through water, and then through a red-hot glass tnbe, and ob- 
taiasd a distinct arsenical ring. Theyare further attested by Hamberg,* 
who, in a similar manner, caused the air of a room, the wall-paper of 
which was arsenical, to pass through a solution of nitrate of silver, and 
'Obtained in the solution arsenious acid, together with some sulphide of 
flilver ;t very few solid particles being detected. 

Effects oil Aiiiiimls and Man of Breathing Arsine.—Tlaa most gen- 
eral effect on mammals is to produce jaundice, bloody urino, aud bile. 
In the course of numerous experimente on dogs, Stadelmannl found 
that by making them breathe a dose of arseniuretted hydrogen, which 
would not he immediately fatal, icterus was always produced under these 
circumstances, and could be always detected by the appearance of the 
tissues. The bile is remarkably thickened, and the theory is, that in 
■such cases the jaundice is purely mochanical, the gall-duct being occlud- 
ed by the inspissated bile. Babbita experimented upon similarly showed 
increased biliaiy secretion, but no jaundice ; while it was proved that 
cats are not bo sensitive to arsine as either rabbits or dogs. There are 
not wanting instances of areino having been breathed by man — the dis- 
■coverer of the gas, Gohlon, was in fact tho first victim on record. In 
order to discover a flaw in his apparatus he smelt strongly at the joints, 
and died in eigjit days from the effects of the inhalation. 

Nine persons, workmen in a factory, were poieoned by arseniuretted 
hydrogen being evolved during the treatment by hydrochloric acid of 
■silver-lead containing arsenic. Three of tho nine died, their apmptoms 
were briefly as follows : — 

(I.) H. K., 23 j'cars old ; his duty was to pour hydrochloric acid on 
the metal. Towards mid-day, after this operation, he complained of 
nausea, giddiness, and malaise. In the afternoon he felt an uncommon 
weight of the limbs, and an oppression in breathing. His fellow-work- 
men thought that ho looked yellow. On going home he lay down and 
passed into a narcotic sleep. Next morning he went to his work as nsual, 
hut was not capable of doing anj-thiug; he passed bloody urine several 
times throughout the day, and fell into a deep sleep, from which he 
could scarcely he roused. On the third day after the accident, a physician 
called in found him in a deep sleep, with well-developed jaundice, the 
temperature moderately high, pulse 100. On the fifth day the jaundice 

• Pharm. Jmim. Trana., [3], pp. 81-8S, 

t The unpleasant odour oftpn posseroed by Schwuinfurt green papersappears 
to be due to tho decomposition of the acetic acid by moisture and mould, with 

the fonuatiou as a principal product of propjomc acid, 

X Die Arsfntcassergtoj^-Vergiftuitg, Ar^hiv. f. Exper. Path. ti. Pharm. Leip- 
zig. 1883. 
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diminished, bnt it was fleveral months before he conid reenme hie Tork. 

(2.) J. T., aged 19, Buffered from sirailiir symptoms after five imd a 
half hours' cxposara to the gaa. He went home, vomited, was jaundiced, 
and BiiSered from bloody urine ; ia eix days became convalescent, but 
could not go to work for many months, 

(3.) C. E, was very little exposed, but was unwell for a few days. 

{i.) L. M., 37 years old, was exposed two days to the gas ; lie vom- 
ited, had bloody urine, passed into a narcotic sleep, and died in three 
days from tlie date of the first exposure. 

(d.) J. a., aged 40, was exposed for two days to the gas ; the symp- 
toms were similar to No. i, there was suppression of urine, the catheter 
drawing blood only, and death in eight days. 

(6.) M. E., 3C years old; death in three days with similar symp- 
toms. 

C^)' (8)i ^J"! (9) suffered like Nos. 1 and 2, and recovered after sev- 
eral months. 

The chief posl-moriem appearance was a dirty-green colour of th© 
mucous membrane of the intestines, and congestion of the kidnej^ Ar- 
senic was detected in all parts of the body.* 

Two cases are detailed by Dr. Valette in Tardieu's "Etude. "f A 
mistake occurred in a laboratory, by which a solution of arsenic (instead 
of sulphuric acid) was poured on zinc to develoji hydrogen. Of the two 
sufferers, the one recovered after an illness of about a week or ten days, 
the other died at the end of twenty-eight days. The main symptoms 
were yellowness of skin, vomiting, bloody urine, great depression, 
slight diarrhcaa, headache, and in the fatal case a morblUform eruption. 
In a caae recorded in the British Medical Journal, November 4, 1876, 
there were none of the usual symptoms of gastric irritation, but loss of 
memory of recent acts, drowsiness, and giddines.s. 

The Sulphides of Arsenic. — Of the sulphides of arsenic, two only, 
realgar and orpiment, are of any practical importance. Realgar, As,8fK- 
au ; specific gravity, 3-356; composition in 100 parts, As 7001, S 2991; 
average composition of commercial product. As 75, S 25, Realgar 
is found native in ruby-red crystals, and is also prepared artificiidly by 
heating together 9 parts of arsenic and 4 of sulphur, or 198 parts of 
arsenious anhydride with 113 parts of sulphur, 2A3,Oi+7S^2A^S,-h 
3S0^ It is insoluble in water and in hydrochloric acid, but is readily 
Vjiilsolved by potassic disulphide, by nitric acid, and by aqua regia It is 

H • Troat. Vergiflung durch Arsenuxissersloff bet der teehniichen Onriftnultg dt» 
SOerg. VierleyahrMchH/l f. Oericht. Med., xviii., Bd. 3. Heft, S. 6. 1878, 

\ Ambroise Tardieu, Etude Medico-Ugaie gur rEmpoisonnetnent, Oba. uv., p. 
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decomposed by caustic potash, leaving nndisBolred a brown sediment 
(Ag„S), which contains 90-5 per cent, of arsenic. 

Orpiment, or Arsenic TrisulpUide. — As,Ss=246 ; specific gravity, 
3-48; composition in 100 parta. As 60-98, S 39-02 ; found native in 
crystals, presents itself in the laboratory usnally as a briUiant yellow amor- 
phous powder, on passing sulphuretted hydrogen through as acid solution 
of arsenious acid or an ai'senite. It is very insoluble in water (about one 
in a million, Fresenius), scarcely soluble in boiling conuentratod hydro- 
chloric acid, and insoluble generally in dilute acids. Sed fuming nitric 
acid dissolves it, converting it into arsenic and sulphuric acid ; ammonia 
and other alkaline sulphides, the alkalies themselves, alkaline carbonates, 
bisulphide of potash, and aqua regia, all dissolve it readily. In the arts 
it is used as King's yellow (see p. 47 *), Tanners also formerly em- 
ployed a mixture of 90 parts of or^Hment and 10 of quickhme, under the 
name of Ritnma, as a depilatory ; but the alkaline sulphides from gas 
works are replacing this to a great extent. 

Haloid Arsenical Compounds. — The Ckhride of Arsenic, As01,_ 
181-5 ; specific gravity liquid, 0° 2-205 ; boiling point, 134° (273-2° F.), is 
a heavy, colourless, oily liquid, which has been used as an eecharotic 
in cancoroua affections (principally by quacks). In one process of 
detecting and estimating arsenic, the properties of this substance are 
nltilised (see p. 515). It is immediately decomposed by water into 
arsenious and hydrochloric acids. 

Tlie Iodide of Arsenic (Asl,) is used occasionally in skin diseases, 
bnt is of little interest to the analyst ; it is commonly seen in the form of 
brick-red brilliant flakes. 

Arsenic in the Arts. — The metal is used in various alloys; for 
example, speculum metal is made of tin, copper, and a little arsenic; 
white copper ia an alloy of copper and arsenic ; shot ia composed of 1000 
parta of lead mixed with 3 of arsenic ; the common Britannia metal used 
for tea-pots, spoons, Sic, often contains arsenic; and brass ia bronzed 
with a thin film of arsenic. It was formerly much employed in the 
manufacture of glass, but ia being gradually superseded. It is also now 
used to some extent in the reduction of indigo blue, and in that of nitro- 
B in the manufacture of aniline. 

In cases of suspected poisoning, therefore, and in the finding of 
arsenic in the stomach, or elsewhere, it may be set ujt as a defence that 
the arsenic was derived from shot used in the cleansing of bottles, from 
the bottles themselves, or from metal vessels, such as tea-pots. &c. 

The arsenic in all those alloys being extremely insoluble, any solution 
to a poisonous ertent ia in the highest degree improbable. It may, how- 
ever, be necessary to treat the vessels with the fluid or fluids which have 
been supposed to esert this prejudicial action, and teat them for arsenic. 
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The treatment should, of course, be of a severe and exhanstive character, 
and the fluids should be allowed to stand cold in the vessels for twentj-four 
Lours ; then the offect of a geutle heat should be studied, and, hiatly, that 
of boiling temperatures. The analjaia of the alloy itself, or of the glass, 
it would seldom be of value to undertake, for the crushed and finely- 
divided substance is iu a condition very different from that of the artiplo 
when entire, and inferences drawn from such analytical data would be 
fallacious. It does not matter one iota to us that the vessels out of 
which we drink are made of metallic arsenic, provided that under all 
poBflible domestic conditions the arsenic is iusoluble. 

Arsenious anhydride ia also used for the preservation of wood, and id I 
thrown occasionally into the holds of vessels in large quantities to prevent j 
vegetable decomposition. In India, again, a solution of arsenic is ap- 
plied to the walls as a wash, In order to prevent the attacks of insects. 

Pharmaceutical, Non-officinal, and other PreparatiOTts of Arsenic. — 
{I.) Pharmaceutical Preparations. — The liquor arsenicalis (Fowler's 
solution), or solution of arsenic of the pharmacopceia, is composed of — 



^dis 



Carbonate of Potash, 

Arsenious Acid, 

Compound Tincture of Lavender, 



Vi grains (5'18 grms.) 
iO '■ (5-18 " ) 
6 drachma (17'72cc.) 



diBKilved in 1 pint (567"9 cc.) of water ; every ounce, therefore, contains ■ 
4 grains of arsenious acid (or lOU cc.='9As,0,). 

The hydrochloric solution of arsenic ia simply arsenious acid dissolv- 
ed in hydrochloric acid; its strength should be exactly the same aa that 
of Fowler's solution. 

A solution of arseniate of soda* contains the anhydrous salt in the 
proportion of 4 grains to the ounce ('9 in 100 cc.) of water. 

Donovan's Solution of Arsenic. — This is not officinal, but is used ' 
to some extent in skin diseases ; it appears to be a solution of the iodides 
of mercury and arsenic ; 100 cc. contain about '152 grm, of metallic ar- j 
*nio, or each fluid drachm contains '086 grains. 

Arsenate of Iron, FojAsjO,, is an amorphous green powder, nsed to 
some eitcnt m medicine. It should contain 33*6 per cent, of metallic 
usenic. 

(2.) Veterinary Arsenical Medicine. — Common veterinary prepara- 
PWIB containing arsenic are : — A ball for worms, containing in parts — 



' The fonnnla for araeoiate of soda ia Na]HAsO,7IliO. but it sometimes ci 
l*uiiiiior» water. 
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Tin Filings. 
Venice Turpentine • 



Areenious Acid. 
Aniseed, 
Opium, . . 
Treaole, . 



6 to 10 grains (-334 to '648 grm.) 



An arsenical ball, often given by grooma to horaea for the purpose of 
improving their coats, contains in 100 parta — 



Arsenioua Acid, . 
Pimento. 

Extract of Gentian. 



Another ball in use ia composed of arsenic and verdigris (acetate of 
copper), of each 8 grains ('SIS grm.) ; cupric sulphate, 20 grains (I'S 
grm.) ; q. a. of liuaeed meal and treacle. 

(3.) Eal a7id Fly Poisons, i£c. — An araenical paste sold for rats has 
the following composition : — 



Arsenious Acid, 

Lampblack, 

Wheat Flour, 

Suet, . 

Oil of Aniseed, s 

Another rat poison ia co 



5'0 per cent. 



email quantity, 
npoaed aa follows : — 

48 8 per cent 



White Arsenic. 
Carbonate of Baryta, 
Eose-pink.t 
Oil of Aniseed, 
Oil of Rhodium, . 

Vflrious arsenical preparations aro used to kill flies ; the active prin- 
ciple of the brown "papier moure" is arsenioua acid. A dark grey pow- 
der, which used to be sold under the name of fly-powder, consisted of 
metallic arsenic that had been exposed some time to the air. 

Fly-water is a strong solution of arsenious acid of uncertain strength, 
sweetened with sugar, treacle, or honey. Another fly-poison consists of 
a mixture of araenious sicid, tersulphide of arsenic, treacle, and honey. 

•The Venice turpentine is rarely found in ordiziary commerce, what is sold 
under tliat name consiating of black resin and oil of turpentine. 

t A similar preparation in common use has the addition of sulphate of duo. 

t Alum and carbonate of lead coloured with Brazil and peach woods. 
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(4.j Quack Xoslrnrns. — The analyst may meet with several qaack 
preparations for esteroal use in cancer. A celebrated arsenical paste for 
thia purpose is composed of — 

■ Arseuious Acid, . ' , . 8 per cent. 

Cinnabar, .... 70 " 

Dragon's Blood 23 " 



A pill, used by uuprofesaion al persons as a preventive of hydropho- 
bia (!) is composed of i to i (4 to o'4 nigrms.) of a grain of arsenic and 
a grain of common pepper. A similar pill is much used in the East In- 
dies. 

The tasteless " ague-drops" need in the fen countries are simply a 
solution of arsenito of potash. 

Davidson's Cancer Remedy consists, according to Dr. Paris, of equal 
parts of arsenions acid and powdered hemlock. 

In India, arsenic given as a medicine by native practitioners, or ad- 
ministered as a poison, may be found coloured and impure, from having 
been mixotl either with cow's urine, or with the juice of leaves, &c.* | 

Arsenious acid ia used by dentists to destroy the nervous pulp of de- ' 
cayed and painful teeth, about the twenty-fifth of a grain {i-b mgrms.) 
being placed in the cavitj'. There is no record of any accident having 
resDlted from this practice hitherto ; but since the dentist seldom weighs 
the arsenic, it is not altogether free from danger. 

(5.) Pigments, i£c. — King's yelhw should be As,Sj, the trisulphide 
of arsenic or orpiment. It is frequently adulterated with 80 to 90 per 
cent, of arsenious acid, and in such a case, of course, more poisonous, 
King's yellow, if pure, yields to water nothing which gives any arsenical 
reaction. 

A blue pigment, termed mineral blue, consists of about equal parts 
ol araeuite of copper and potash, and should contain 387 per cent of i 
metallic arsenic (=to 51 -OS! As,0,H), and lo'G of copper. 

Schweinfurt green (Syn. Evicr aid-green), (CuAs,0,),Cu{C,H,0,)i is a 
copric arscnite and acetate, and should contain 25 per cent, of copper, 
^nd 58"4 per cent, of arsenious acid. In analysis, the copper in thia 
Wnpound ia readily separated from the arsenic by first oxidising with 
tutric acid, and then adding to the nitric acid solution ammonia, until 
the bine colour remains undissolved. At this point ammonium oxalate 
" added in eseesa, the solution is first acidified by liydrochloric or nitric 
Kid, and, on standing, the copper separates completely (or almost so) as 
•"^te, the areenic remaining in solution. 

ScheeU^s green (C'uHAsO,) ia a hydrocupric arsenite, and contalna 
«'8 per cent, of arsenious anhydride, and 33-8 per cent of copper. . 

_ 'Cherer, Jftd JtirisprutkiK^e/or/ndwi, p. 118. J 
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(G.) External Applicalion of Arsenic for Sheep, tC-c. — Many of those 
are simply aoliitiona of areeuic, the sohition being made by the farmer. 
Most of the yellow sheep-dipping compounds of commerce are made np 
either of impure carbonate of potash, or of soda ash, arsenic, soft soap, 
and sulphur. The French bain de tersler is composed of — 

Arse nious Acid, I'OO kgrme. 

Ferrous Sulphate 1000 „ 

Peroxide of Iron, 0-40 ., 

Qeutian Powder, .... 030 ,. 

This is to be added to 100 kgrms. of water. Another common applica- 
tion conaistB of alum and arsenic (10 or Vi to 1), diseolved in two or three 
hundred parts of water. 

(7-) Arsenical Soaps, £c. — Arsenic is used in preserving the skins 
of animals. One of the compounds for this pnrpose, known under the 
name of Bicoeur's arsenical soap, has the following composition :■ 

Camphor Si percent 

Arsenic 202 

Carbonate of Potash, . , 56*3 " 

Lime,» SO'S " 

(8. ) Arsenical compounds used in pyrotechuy : — 

Pans. 

Blue fires — (1.) Realgar, 2 

Charcoal. 3 

Potassic Chlorate, 5 

Sulphur 13 

Nitrate of Baryta 77 

(2.) Sulphur 40-9 ' 

Nitre 86-8 

Sulphide of Aatimony 13*8 

,, Arsenic S 

Charcoal. fi 

Green firee — Metallic Arsenic 3 

Charcoal. 8 

Chlorate of Potash 

Sulphur 1 

Nitrate of BarTta, .... 

Light green fire — Charcoal. 1-75 

Sulphide of Arsenic 1-7S , 

Sulphur, 10-50 

Chloride of Potash 3325 

• The dust from the preserved skins ot animals has caused, at lenat, one case 
of poisoning. Ann. iTHyg. Pub. ct de Mid. Leg., 2 Ber., 1870, t. xsxiiL, p. 814. 



12-37 

88 'SS 

4tt'75 



Nitrate of Baryta, 

White fire — (1.) Areenfoua Acid, 

Charcoal, , 

Sulphide of Aiitiiiioii7, 
Nitrate of Potash, 
Sulphur, 

<S.) Bealgar. 
Sulphur, 

Nitnte of Potash, . 



Staiistics of Poisoning hy Arsenic, — In England, during the five 
jeors ending 1880, in 1581 caaeB of poisoning from lUl causea, 37 maloa 
and 30 females are registered as hariug died trom arsenical poisoning. 
Of these deaths 28 (41 ■? per cent. ) were suicidal ; 8 children were ninr- 
dered by arsenic; the remaining 37 (55'2 per cent.) were due to acci- 
dent or negligence. With regard to the ages, 3 only were under 5 years 
of age ; 32, or about one-half, were between 20 and 45 ; 16 between 45 
and 75 ; and 3 above 75 years of age. Uuscnianu collected 183 cases of 
arsenical poisoning ; of these 89 (48-5 per cent.) were either suicidal or 
murderous, the data relative to 6 were wanting, the remainder were acci- 
dental : of the 183, 81 (44 per cent.) proved fatal. If the same propor- 
tion holds good in England, then the 67 deaths from arsenical poisoning 
would be equivalent to 175 cases. 

Law Jielative to the Sale of Arsenic. — By the 14th of Vict. c. 12, 
every person selling arsenic is bound to keep a written record of every 
|>articular relative to each transaction, such as the name, abode, and coll- 
ing of the purchaser, the purpose for which the poison is required, and 
ihe quaniity sold, &e. These particulars are to be signed also by the 
purchaser. No person (sec. 2) is allowed to sell arsenic to any one un- 
known to the seller, unless in the presence of a witness, whom the seller 
is ncquainted with. The arsenic sold (sec. 3), is to be mixed with soot 
Or indigo in the proportion of half an ounce of indigo to a pound of ar- 
senic. It, therefore, follows that the coloured substance should not con- 
tain more than 70 per cent, of arsenious acid. Ilie Act applies to all 
the colourless preparations of arsenic : hot it is not to affect chemiata in 
making up prescriptions for medical men, or in supplying medical men ; 
nor is it to affect the wholesale dealers in supplying arsenic to retail 
■hops, &c. The penalty for conviction is £20, or lesg. Commercial ar- 
Benic is often much adulterated, especially with gypsnm, chalk. &o. 
These are most readily detected by subliming the arsenic. The sublimed 
arsenic itself may not be entirely pure, sometimes containing arsenical 
nilphides and anttmonious oxide. 

Dose. — The smallest dose of areenic known to have proved fatal to a 
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haman being is '16 grm, (2yi grainB). Farriers and grooms are in ffl^ 
habit of giving as much aa 1-3 grm, {30 grains) a day to a horse, so that 
the puiBonous dose for this animal must be very large. 

The maximum dose for the horned cattle appears to be from '32 to 
•38 grm. (5 to 6 grains) ; that for a dog 16 mgrms. (% grain), and even 
this may, in the smaller kinds, cause illness. 

The following may be considered as dangerous doses of arsenic : — '13 
grm, (a grains) for an adult ; 1'9 grm. (30 grains) for a horse ; -64 grm. 
(10 grains) for a cow ; and 33 to 64 mgrms. {^ to 1 grain) for a dog. 

Effects of Arsenious Acid on Plants. — If the root or stem of a plant 
is immersed in a solution of arsenious acid, the hue of the leaves soon 
alters in appearance, the green colour becomes of a whitish or brownish 
hue, and the plant withers ; the effect being very similar to that pro- 
duced by hot water. The toxic action may be traced from below up- 
wards, and analysis will detect minute quantities of arsenic in all portions 
of the plant. 

It has, however, been shown by Gorup-Besanez,* that it arsenious 
acid be mixed with earth, and plants grown in such earth, they only taka 
up infinitesimal quantities of arsenic. Hence, in cases of cattle poison- 
ing, any defence based upon the alleged presence of arsenic in the pas- 
ture will be more ingenious than just. 

The influence of arsenical fumes as evolved from manufactories upon 
shrubs and trees is in general insignificant. Pines and firs, five to six 
years old, liave been known to suffer from a disease in which there is 
a shedding of the leaves, the more tender herbage being at the same time 
affected. Whatever dangers the practice of steeping corn intended for 
seed in a solution of arsenious acid as a preventive of "smut," may 
possess, it does not appear to influence deleteriousiy the growth of the 
futnro plant. 

Superphosphate of manure is frequently rich in arsenic. Dr. Ed- 
mund Davy asserts that plants to which such manure is applied take 
up arsenic in their tissues, and M, Andonard has made a similar state- 
ment. TuBonf has also undertaken some experiments, which confirm 
Andonard and Davy's researches. The bearing of this with relation to 
the detection of arsenic in the stomachs of the herbivora needs no com- 
ment. 

Effects on Animal Life — Animalcules. — All infusoria and forms of 
animalcule-life hitherto observed, perish rapidly if a minute quantity of 
arsenious acid is dissolved in the water in which they exist. 

Jn*cc/s.— The common arsenical fly-papers afford numerous oppor- 

"Annai. d. Chemie it. Pharmade. Bd. cssvii.. H. 3, 348. 



+ Cooley's Dicli'oiiary, Art "Arsemc." 
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Bea for observing the action of arsenic on ordinary flies ; witliin a 
few minutea (five to ten after taking tlie poiaon into their digestive or- 
gans) tltey fftli, apparently from paralysis in the wings, and die. Spiders 
and all insects into which the poison has been introduced exhibit a simi- 
lar sudden death. It is said that in the neighbourhood of arsenical man- 
u^tures there is much destruction among bees and other forms of 
insect life. 

Annelids. — If arsenions aeid is applied to the external surface of 
worms or leeches, the part which it touches perishes first, and hfe is ex- 
tingnished successively in the others. If a wound is made first, and the 
areeniouB acid then applied to it, the effects are only intensified and has- 
tened. There is always noticed an augmentation of the exoretions ; the 
vermicular movements are at first made more lively, they then become 
languid, and death is very gradual. 

Birds. — The symptoms with birds are somewhat different, and vary 
according to the form in which the poison is administered — viz., whether 
as in a vapour or solution. In several experiments made by Enlenberg 
on pigeons, the birds were secured under glass shades, and esjtosed to the 
vapour of metallic ai-aenic vaporised by heat. It is scarcely necessary 
to remark that in operating in this way, the poisoning was not by metal- 
lic arsenic vapour, but by that of arsenious acid. One of these experi- 
ments may be cited : — A pigeon was made to breathe an atmosphere 
charged with vapour from the volatilisation of metallic arsenic. Tho bird 
was immediately restless; in thirty minutes it vomited repeatedly, and 
the nasal apertures were noticed to be moist ; after a little while, the bird, 
atill breathing the arsenious atmosphere, was much distressed, shook its 
Lead repeatedly, and yawned ; in fifty minutes the respiration was lab- 
oured, and in fiity-nine minutes there was much vomiting. On romov- 
icg the bird, after it had been exposed an hour to the vapour ('16 grm. 
of metallic arsenic having been evaporated in all), it rapidly recovered. 

Six days after, the pigeon was again exposed in the same way to the 
Taponr, but this time '56 grm. of metallic arsenic was volatilised. In 
fifteen minutes there was retching, followed by vomiting. On taking 
it out after au hour it remained very quiet, ate nothing, and often 
pnSed itself out ; the breathing was normal, movements free, but it had un- 
Usual thirst. On the second and third day the cxcretioua were frequent 
utd fluid ; the cardiac pulsations were slowed, and tho bird was disin- 
clined to move. On the fourth day it continued iu one place, puffing it- 
Mlf out ; towards evening the respirations slowed, the beak gaping at 
every inspiration. On attempting flight, the wings fluttered and the 
bird fell on its head. After this it lay on its side, with slowed laboured 
respiration, the heart-beats scarcely to be felt, and death took place with- 
out convulsions, and very quietly. On examining the organs after death. 
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the brain and spinal cord were vor; bloodless ; there were ecchymoses va 
the lunga ; but little else characteristic. The esperiment quoted has & 
direct bearing upon the breathing of arsenical duet ; as, for example, 
that which Scats in the air of a room papered with an easily detached 
arsenical ]>igment. Other experiments on birds generally have shewn 
that the symptcma produced by arsenioua acid in solution, or in the solid 
form, in a dose insufficient to destroy life, are languor, loss of appetite, 
and the voidance of large quantities of liquid excreta like verdigris. 
With fatal doses, the bird remains quiet ; there are fluid, sometimes 
bloody, excretions ; spasmodic movements of the pharynx, ant i -peristal- 
tic contraction of the cesophagus, vomiting, general trembling of the 
body, thirst, erection of the feathers, and laboured respiration. The 
bird becomes very feeble, and the scene mostly closes with insensibility 
and convulsions. 

Mammals, such as cats, dogs, &c., sufler from symptoms fairly iden- 
tical with those observed in man ; but the nervous symptoms (according 
to P. Hugo) do not predominate, while with rabbits and guiuea-plgs, 
nervous symptoms are more marked and coustant.* There are vomiting, 
purging, and often convulsions and paralysis before death. It has been 
noticed that the muscles after death are in a great state of contraction. 
The slow poisoning of a dog, according to Lolliot,f produced an erj-the- 
matous eruption in the vicinity of the joints, ears, and other parts of the 
body ; there were conjunctivitis, increased lachrymal secretion, and pho- 
tophoba ; the hair fell oS. 

Effects of Arse-nioua Acid on Man. — The symptoms produced by 
arsenious acid vary according to the form of the poison — whether solid, 
vaporous, or soluble — according to the condition of bodily health of the 
person taking it, and according to the manner in which it is introduced 
into the animal economy, while they are also in no small degree modified 
by individual peculiarities of organisation and by habit, as, for instance, 
in the arsenic-caters. 

Arsenic-Eaters. — In all European countries grooms and horse- 
dealers are acquainted with the fact that a little arsenic given daily in 
the corn improves the coat, increases, probably, the assimilation of the 
food, and renders the horse plump and fat. On the Continent grooms- 
have been known to put a piece of arsenic, the size of a pea, in a little 
oatmeal, make it into a ball, tie it up in a linen rag. and attach it to 
the bit, the saliva dissolves, httle by little, the poison, while both the 
gentle irritation and physiological action e.xcite a certain amount of sa!i- 
Tation, and the white foam at the mouth, and the champing of the horse, 
are thought vastly to improve the appearance. Shot, which contains a. 
■ ArcMvf. Ezper. Path. v.. Pharmakol. Leipzig, 1888. 
^ Eivde Htyitiol. tFArsine, Th^se, Paris, 186S. 
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^■dl quantity of arsenic, have been used for the same purpose, and 
from half a pound to h pound of email shot has been given to horses. 
When a horse bus been for a long time dosed with arsenic, it seems neces- 
sary to continue the practice ; if this is not done, the animal rapidly 
loses his condition. The esplunation probably ia that the arsenic stimu- 
lates the various cells and gliinds of the intestinal tract to a superaction, 
the natural termination of which is an enfeebleraent of their secreting 
power — this especially in the absence of the stimulus. Turning from 
equine iuTOluntaiy arsenic-eaters, we fipd the strange custom of arsenic 
eating voluntarily pursued by the races of lower Austria and StjTia, es- 
pecially by those dwelling on the mountains separating Styria from Hun- 
gaiy. In India also (and especially in the Puujaub) tho same practice 
prevails, and here it is often taken as an aphrodisiac. The raouutaineera 
imagine that it increases the respiratory power, nor is there wanting 
some evidence to show that this is actually the fact, and medicinal doses 
of arsenic have been in use for some time in cases of asthma and other 
diseases of the cheat. The arsenic-eaters begin with a very small dose, 
which ia continued for several weeks or months, until the system gets ac- 
customed to it. The amount is then slightly augmented until relative 
large doses are taken with impunity. In one case* it appears that a 
countryman, in good health, and sixty years of age, took daily four grains 
of ar&eniouB acid, a habit which he had inherited from his father, and 
wliich he in turn bequeathed to his eon. 

The existence of such a custom as arsenic eating, in its literal sense, 
has more than once been doubted, but all who have travelled over Styria 
sad other places where the habit prevails have convinced themselves that 
tbe tacts have not been overstated. For example. Dr. Maclagan, in com- 
pany with Dr. J. T. Eutter,f visited Styria in 18C5, and having care- 
fully weighed 5 or 6 grains of arsenic, saw these doses actually swallowed 
lij' two men. On collecting their urine, about two hours afterwards, 
■bnndant quantitative evidence of its presence was found ; but in neither 
of the men were there the slightest symptoms of poisoning. It is ob- 
Tious that the existence of such a habit might seriously complicate any 
inquiry into arsenical poisoning in these regions. 

Manner of Jniroducfion of Arsenic. — Arsenious acid exerts a poi- 
wnouB action, whether it is taken by the stomach, or introduced into the 
Bystem by auy other channel whatever. The differences in the symtoms 
prodnced by external application (as through a wound), and by swallow- 
ing arsenious acid in substance or in solution, are not so marked ae might 

^^ ' Tardieo. Op. cii. 

^Bfetin. Med. Journoi. AprU, 1865 : Brit, and For. Med. Chir. Jcuni.. Oct. 
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be expected. It was probably Hunter who first distinctly recognised the 
fact that arsenic, even when introduced outwardly by application to an 
abraded surface, exert a specific effect on the mucous membrane of the 
stomach. Brodie* states, "Mr. Home informed me that in an experi- 
ment made by Mr. Hunter himself, in which arsenic was applied to a 
wound in a dog, tbo animal died in twenty-four hours, and the stomach 
was found to be considerably infiamed. I repeated this experiment 
several times, taking the precaution of always applying a bandage to 
prevent the animal licking the wound. The result was that the inflam- 
mation of the stomach was commonly more violent and more immediate 
than when the poison was administered internally, and that it preceded 
in appearance the inflammation of the wound." 

Cases of Poiaoiiiiig by the External Application of Arsenic. — The 
masa-poisoning by the external use of violet powder to infanta, which oc- 
curred in England some few years ago, is still fresh in public memorj*. 
Two deaths from this cause were established by coroners' inquests, \ Dr. 
Tidy found the violet powders used in the two cases to have the follow- 
ing composition : — 



Arsenioua Acid, 
Btarcb (Potato), 
Magneaia, &C., 



^ 



Although the children were poisoned by absorption through the 
skin (unless it ia allowed that some may have found its way in the form 

• Two recipes were banded in at the coroner's inquest which pretty fairly 
represent the composition of commercial violet powder ; — 

Firtt Quality, told at It. per groas. 

Starch Powder 88 lbs. 

Magnesia l)i lb. 



SfUrOTid Quality, sold at Os. per gross. 

Terra Alba (Sulphate of Lime), , . 14 lbs. 

Potato Starch SI lbs. 

MagncBia, 8 Iba. 

Orris-root lj<lb. 

Violet Perfume l."^ oz. 

Esaenoe of Roses. ..... 6 drops. 

\Phil. Trans.. 1812. 

t "Oleaninge in Toxicology," by C. Mej-mott Tidy, ^.B.— Lancet. Aug. 21 
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of arsenical duat into the throat, or, what is rtill more probable, that tlie 
InfantA may from time to time have seized the puff-ball and sucked it), 
the large quantity of '421 grm. (6-5 gi-ains) of arsenioua acid was sepa- 
rated in the one case, and •194 grm. (3 grains) in the other. In these 
cases arose the question which is sure to recur in legal inquiries into poi- 
soning by absorption — viz., whether the poison lying on the surface and 
folds of the skin could not have been mixed during the posl-inortcm ex- 
amination with the organs of the body ? In these particular cases special 
oar« appears to have been taken, and the answer was satisfactory. It is 
not amlEs, however, to call attention to the extreme precaution which 
«ach instances necessitate. 

A woman, aged fifty-one, had used a solution of arsenious acid to 
cure the itch ; erysipelas of the body, however, followed, and she died 
after a long illness — one of the symptoms noted being trembling and 
paresis of the limbs.* In a case recorded by Desgranges,t a young 
chambermaid had applied to the unwounded sculp an arsenical ointment 
for the purpose of destroying vermin. She also suffered from a severe 
erysipelas, aud tlie hair fell off. Quacks have frequently applied various 
arsenical pastes to ulcers and cancerous breasts with a fatal result. In- 
stances of this abound ; in one, a charlatan applied to a chronic ulcer of 
the leg an arsenical caustic- ; the patient showed symptoms of violent 
poisoning, and died on the sixth day.J In another, a lady aufleriug 
from some form of tumour of the breast, applied to an unqualified prac- 
titioner, who made from fifteen to twenty punctures with a lancet in the 
aweUing, covered a piece of bread with an arsenical compound, and ap- 
plied the bread thns prepared to the breast. Twelve hours afterwards 
symptoms of violent gastric irritation commenced ; and vomiting and a 
sanguinolent diarrhoea followed, with death on the fifth day. Arsenic 
waa found in all the organs.g Such examples might bo multiplied. 
Arsenic has been in more than one case introduced criminally into the 
vagina with a fatal result.] Fobere, e.j., has recorded the case of a 
• Belloc, Mid lig.. t. iv.. p. 124. 

\ Bteueil de la Soc. de Mfd de Paris, t. vi., p. 23, An. vii. ; also Tardieu, Blutl£ 
Jfid Lfgale, sur lEmpaiaommnent, Oba, xxvii., p. 457. 
t Mean. BQAwlhi^ue Mid., t. Ixxiv., 1821, p. 401. 

glWdieu, Op. dl., obs. Ti3d%.; Dr. Vemois, Ann,. ffHyg. et de Med, Lig,. t. 
nivi.,]Bt9er.. p. 141. 1848, 

I .■InsiauLe, OUniqim ChiruTgicak. Mangor (Acta Societ. Reg. Hafnitnt, UL. p. 
1T8) gives the case of a man who poisoned his three wives Bucceesively with 
■Wenio— the two last by introducing into the vagina a powder composed of flour 
and araenic. Another similar case is related by Brisken. Mangor made eiperi- 
inento on mares, showing that when arsenic is applied to the vagina, death may 
f^rolt from inflammation. 
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maid-servant who poisoned her raiatress by intentionally adminiatering 
Eeverul areenical encmata.* Arsenioua acid Again h^ been reapirod in 
the form of vapour. One of the best instaucea of this ia recorded by 
Taylor, and was the subject of a trial at the York Lent Assizes, IS64. 
The prisoner placed eome burning pyrites at the doorway of a small 
room, in which there were eight children, incUiding an infant in the 
cradle. The other children were removed speedily, but the infant waa 
exposed to the vapour for an hour ; it suffered from vomiting and 
diarrhtioa, and died in twenty-four hours. There waa alight inflamma- 
tion of the stomach and intestines, the brain and lungs were congested, 
and the lining membrane of the trachea of a bright red colour. Arsenic 
was detected in the stomach, in the lungs, and spleen. The pyrites 
containod arsenic, and the fatal fumes were in effect composed of sul- 
phurous and arsenioua acids. 

The use of paper covered with arsenical pigments, as wall-paper in 
bed and sitting rooms, has often produced disease ; sometimes from 
the arsenical dust being breathed, sometimoa from the pi-oductioD of 
arsine (araeniuretted hydrogen), and possibly from some uninvestigated 
volatile compound. Recently I examined a wall-paper, which, on 
analysis, yielded arsenic equal to 8 grains of arsenioua acid in every 
square foot ; it waa a portion of a wall-paper from the bedroom of a 
gentleman, who had for many months suffered from an obscure malady, 
which had baffled the eminent men whom he had conanlted. The paper 
in qneation had a few green leaves on a quiet drab-coloured ground. On 
the discovery of its arsenical properties, he removed to another bed- 
room, with immediate and marked improvement in health. Most 
analysts in practice have met with similar instances, and a considerable 
number are on record in medical literature. 

Forms of Arsenical Poi/ioning. — There are at least four distinct 
forms of arsenical poisoning — viz., an acute, subacute, a nervous, and & 
chronic form. 

Acule Form. — All thoae cases in whicli the inflammatory symptoms 
are sovt're from the commencement, and in which the sufferer dies 
within twenty-four hours, may be called acute. The commencement of 
the symptoms in these cases is always within the hour ; they have been 
known, indeed, to occur within eight minutes, but the most usual time 
ia from twenty minutes to half an hour. There is an acrid feeling in the 
throat, with nausea ; vomiting soon seta in, the objected matters being 
at flrat composed of the substances eaten ; later they may be bilioas or 
a bloody, or composed of a whitish liquid. Diarrhoea follows and ac- 
companies the vomiting, the motions are sometimes like those met with 
in ordinary diarrhroa and English cholera, and sometimes bloody. There 
'MM. LSgak!,iv. 
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coldness of the extremities, with great feebleness, and the pulse is 
amall and difBcnlt to feel. The face, at first very pale, takes a bluish 
tint, the temperature falU still lower ; the patient sinks in collapse, 
ind death takes place in from five to twenty hours after the taking of 
the poison. 

There can scarcely be said to be any clinical feature which distin- 
guishes the above description from that of cholera ; and sapposing that 
cholera were epidemic, and no suspicious circumstauces apparently pre- 
tent, there can be little doubt that a most experienced physician might 
nuBtake the cause of the malady, unless surrounding circumstances give 
KHue hint or clue to it. In the acute form diarrhcea may be absent, and 
the patient die, as it were, from "shock." This was probably the cause 
of death in a case related by Casper,* that of Juhus Bolle, poisoned by 
bis wife. He took an unknown quantity of arsenic in solution at seven 
in the morning, and in about three-quarters of an hour afterwards suf- 
fered from pain and vomiting, and died in little more than three hours. 
There were no signs of inflammation in the stomach and intestines, hut 
from the contents of the stomach were separated -OISS grm. of arsenious 
ai-'id, and '00513 grm. from pieces of the Itver, spleen, kidneys, lung, and 
blood. The dose actually taken is supposed not to have been less than 
■388 grm. (fi grains). 

The Subacute Ibrm. — The subacute form is that which is most 
common ; it exhibits some variety of phenomena, and individual cases 
very much in the matter of time. The commencement of symptoms is, 
■a in the most acute form, usually within the hour, but exceptions to 
thia role occur. In a case quoted by Taylor, f and recorded by M. Ton- 
nelier, the poison did not cause any marked illness for eight hours; it 
was found on posl-morlem examination, that a cyst had been formed in 
the stomach which sheathed the arsenic over, and in some degree ex- 
plained this delay. In another case, again, ten hours elapsed, and this 
is considered to be the maximum period yet observed. As, with the 
acute form, there is a feeling of nausea, followed by vomiting, which 
continues although the stomarh la quite empty; at first the ejected mat- 
u-r is a watery fluid, but later it may be streaked With blood. The 
tongne is thickly coated ; there is great thirst, but the drinking of any 
Uqnid (even of ice-cold water) increases the vomiting. Nearly alwuya 
■pmin IB felt in the epigastrium, spreading all over the abdomen, and extend- 
ing to the loin (which in tense and tender on pressure). Deglutition 
is often painful, and is accompanied by a sort of spasmodic constriction 
of the pharyngeal muscles. Diarrhcea follows the vomiting, and has the 

• Case 188 in Casper'a Haiidbueh. 

fTaylor's "PtmcipleBandPracticeof Jurisnrudence," vol. i.p. 851. Fland- 
ht, ToL i, p. 030. 
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same characters as that previoaaly described ; occasionally, however, this 
feature is abaent. In the case recorded by Martiiieau* a miin, aged 
twenty-five, was seized at 10 a.ra. suddenly with vomiting, which persist-ed 
ail that day and the uost, during which time the Iwwels were obstinately 
confined. On the second day a purgative was adnunistered, whereupon 
diarrhtoa sat in, and continued until his death, which occurred in about 
two days and sixteen hours from the commencement of the symptoms. 
. This case is also remarkable from the absence of pain or tenderness of the 
abdomen. 

In subacute cases the nrine has several times been suppressed, and it 
is generally scanty and red in colour. Irregularity of the heart's action 
and feebleness are tolerably constant phenomena. As the end ap- 
proaches, there is excessive muscular weakness, the face is pale, the eyes 
hollow ; the mucous membranes iirst, and then the skin, take a bluish 
tint ; the skin itself is covered with perspiration, and there has been 
noticed a peculiar odour, which has been likened to arsine {araeniuret- 
ted hydrogen). The respiration is troubled, convulsive raovemeuta of 
the limba have been observed, and cramps in the calves of the legs; 
■death follows in a variable time — from twenty-four hours to several days. 
In certain cases there is a curious remission after violent symptoms, the 
patient rallies and seems to have recovered ; but the appearance is decep- 
tive, for the symptoms recur, and death follows. Recovery may also 
take place partially from the primary effects, and then iTifiammatory 
changes in the stomach, &c., set in, with fever, and the ordinary symptoms 
which are common to all internal inflammation. 

A single dose of iirsenious acid may cause a prolonged and fatal ill- 
ness, one of the boat known examples being that of the suicide of the Duo 
de Praslin,* who took with suicidal intent, on "Wednesday, Angnst 
18, 1847, a dose of arsenious acid. The exact time of the act could not 
be ascertained, but the first effects appeared at 10 p.m.; there were the 
nsnal signs of vomiting, followed on the next day by diarrhoaa, fainting, 
and extreme feebleness of the pulse. On Friday there was a remission of 
the symptoms, but great coldness of the limbs, iutermittency and feeble- 
ness of the heart's action, and depression. On Saturday there was 
slight fever, but no pain or tenderness in the abdomen, vomiting, or diar- 
rhcea ; on this day no urine was passed. On the Sunday he complained 
of a severe constriction of the throat, and deglutition was extremely 
painful; thirst was extreme, the tongue, intensely red, as well as the 
mucous membrane of the month and pharyni, and the patient had a 
sensation of burning from the mouth to the anus. The abdomen was 

•Tardieu, Op. dt., obs. lii. 

fTardieu, li&ation Midico-Ligale tUPAsaasainat de la Duehesae de Prtulin 
Anr^. d'Hy, Pub. et <fe STMiro-I^g., 1847, t. xxxviii., p. 890 ; also Op. cit., oba xi. 
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i and distended, the heat of the skin was pronounced, the pulse 
frequent and irregular — aometimea strong, at others feeble, the boweU 
had to be relieved by injections, the urine was in very small quantity ; 
during the night there was no sleep. The duke died at 4,35 a.m., on 
Tuesday the 34th, tho sixth day ; intelligence was retained to the last. 
As the end approached the respiration became embarrassed, the body ex- 
tremely cold, and the pulse very frequent. 

In the nervous form the ordinaiy vomiting and purging are either 
entirely suppreased, or present in but feeble degree ; and under this head- 
ing are classed tho rare cases in which, in pluce of the ordinary symp- 
toms, affections of the nervous system pi'edominate. Narcotism, paresis, 
deepening into paralysis, dehrium, and even acute mania, as well as epi- 
leptiform convulsions, have all been recorded. In short, the symptoma- 
ahow so much variety, that an idea of the malady produced in this very 
rare form can only bo obtained by studying tho clinical history of cases 
which have presented this aspect. In a case recorded by Guilbert,' a 
man, thirty-five years of age, had swallowed a solution of arsenic, half of 
which was immediately rejected by vomiting. A little while afterwards 
his respiration became laborious ; the eyes were bathed with tears, which 
were so acrid as to inflame the eyelids and the cheeks ; the muscles of 
the face were from time to time convulsed ; he perspired much, and the 
perspiration had a fcetid odour ; there was some diarrhcea, tho urine was 
suppressed, and from time to time he waa delirious. Afterwards the 
coQvalaions became general, and the symptoms continued with more or 
lees severity for five days. On the sixth a copious miliary eruption broke' 
ont, and the symptoms became leas severe. The eruption during fifteen 
days every now and again reappeared, and at the end of that time the 
patient was convalescent, but weak, liable to ophthalmias, and had a. 
oniveraal trembling of the limbs. 

In one of Brodie'sf experiments on rabbits, 7 grains of arsenious acid 
were inserted in a wound in the back; the effect of which was to paralyse 
the hind legs. In other experimonta on animals, paralysis of the hind lega 
liM been frequently noticed, but paralysis certainly is rare in man ; in 
the case, however, recorded by Barrier, J of the five men who took by 
mistake a solution of arsenious acid, one of them was found stretched on 
the ground with the inferior extremities paralysed. 

In a case of "mass "poisoning reported by Dr. Coqueret,g three persona 

•Journal de Van der Monde, 1768, t. iv,, p. 353. Tardieu, OpvU., obs. liii., p. 
00. 

t The Action of Poiaons, ntil. Tram. . 1813. 

tJoum. de AKdeci/ie. 1783. p. 853. Tardieu, Op. eit.. obs. siv., p. 431. 

%Joum. de Qon-naU*. Mid, Chirurg., I83B, p. ISS. Tardieu, Op. cit., oba. xr.,. 
► OS. 
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ate by mistake an onknown quantity of araonfanB acid — two of them only 
Buffered Bliglitlj, but tbe tbird severely, vomitiug occurring almost mim»- 
diately, and continuing with frequency until Uie eud of the fourth day. 
Two hours after ewallowing the poison, tbe patient took the bydrated 
oxide of iron, as an antidote. On the sixth day there was stupor and a 
66 mi-delirious state, with an eruption of a pustular character compared 
to that of tbe amall-pox. These symptoms continued moro or less until 
the Sftoeutb day, when they diminiabed, and ultimately the patient re- 
coTered. In a caso related by Tardieu,* iu which a person died on the 
eleventh day from the effects of the poisou ; towards the end, aa a spec- 
ially marked symptom, there was noted hyperesthesia of the inferior ex- 
tremities, so that the least touuh was painful. 

AhsBfice of Symptovia. — In a few cases thDro have been a remarkable 
abseucB of symptoms, and this both in man and animals. Seven horses 
were fed with oats accidentally mixed with arseniato of soda. The first 
succumbed three hours after taking the poison, without having presented 
any symptom whatever ; be fell suddenly, and iu a short time expired. f 
It is related by Orfila,! that a woman, aged twenty-seven, expired in 
About twelve hours from a large dose of arsenious acid ; there were the 
usual post-mortem appearances, but in life no sign of pain, no vomit- 
ing, and but little thirst. 

Slow Poisoning. — Slow poisoning has been caused accidentally by ar- 
seuical wall-paper, in the manufacture of arsenical pigments, by the ad- 
mixture of small quantities of arsenic with salt or other condiments, and 
repeated small doses have been used for criminally producing a fatal ill- 
ness intended to simulate disease from natural causes. The illness pro- 
duced by small intermittent doses may closely resemble in miniature, aa 
it were, those produced by large amounts ; but, on the other hand, they 
may be different and scarcely to be described otherwise than as a general 
condition of ill-health and malaige. In such cases there ia loss of appe- 
tite, feebleness, and not unfrequently a slight yellowness of ihe skin, A 
very constant effect seen, when a solution of arsenious acid is given 
continuously for a long time, is an inflammation of the conjunctiviB, as 
well as of the nasal mucous membrane — the patient complains of *' always 
having a cold." This inflammatory action also affects the pharynx, and 
may extend to the air-passages, and even to the lung-tissue. At the 
«ame time there is often seen an exanthem, which has received a specifio 
name — " eczema arsenicdle." Salivation is present, the guma are sore, at 
times lacerated. In chronic poisoning by arsenic, nervous symptoms a 

•Op.ci't, oba. xvii., p. 434. 

tBoiilBj(JBiiiip), .dnn. (THi/s. e((fe.W(fJCo-Wff.. J834., t. iii.,p. 898. 

JTome i., oba. iv., p, 814. 



almost aonstant) and exhibit great variety ; there may be numbneBS or the 

oi)l>osite condition, hyperiestheBiii, in the extremiliea. In certain caaea 
fainting, paresis, paralyBis, and sometimes convulsions occur ; towards 
the end a sort of hectic fever superveues, and the patient dies of ex- 
haaslion. 

Post-mortem Appearatuxs in Animals. — P. Hugo* baa recently 
made some minute researches as to the pathological appearances met 
with in animals. Ilia esperiraents were made on seven dogs, eight 
gninea-pigs, five rabbits, two pigeons, and five cats — all poisoned by ar- 
sonious acid. According to Hugo, so far as these animals were con- 
cerned, changes were more constant in the intestino than in the stomach. 

Stomach. — Changes in the mucous membrane were especially noticed 
in the great curvature and towards the pylorus ; the pylorus itself, and 
a part of the cardiac portion, remained unchanged. The mucous mem- 
brane in dogs and cats was red, with a tinge of blue — in many cjises the 
redness was in streaks, with injection of the capillaries. The stomach 
of plant-eaters was less altered, and a microscopical examination of the 
mucous tissues did not show any fatty change. 

The Intislines. — In dogs and cats changes were evident ; in rabbits 
and gninea-pigs they were not so marked, but the intestines of the last 
were extremely tender and brittle, very moist, and filled with a slimy, 
Mfous, grey-white fluid ; nevertheless, the changes in all these animals 
appear to be of essentially the same nature. The most striking effect is 
the shedding of a psen do -membrane ; in quite recent cases there is a 
layer of from 1 to 1^ mm. wide of a transparent, frog-spawn- like jelly 
streaking the intestine. In later stages it becomes thicker, while oc- 
casionally it resembles a diphtheritic exudation. The mucous mem- 
hraiia itself is deep purplo-red, showing up by the side of the pseudo- 
tnembrane. "With regard to the villi, the epithelial layer is detached, 
and the capillary network filled with blond and enlarged. 

The Liver. — Hugo met only occasionally with fatty degeneration of 
the liver, but there was marked ateatose of the c])ithelium of the gall- 
bladder of dogs. A fact not prominently noticed before, is (at all 
«vent8, in dogs) a serous tranaodation into the pleural sac and acute 
cedema of the lungs ; the exudation may be excessive, so that more than 
100 cc of serous fluid can be obtained from the thorax ; there is also 
osnally much fluid in the pericardium. In two of Hugo's experiments, 
there was fluid in the cerebral ventricles ; and in all there was increased 
moisture of the brain substance with injection of the capillary vessels, 
«cpeoially of the pia. 

* Beitrdge KOr Patiwlogie der aeiiUn. Arsenikvergiftung., Archin f&r Bxper, 
J^olM. u. Pharmakol. Leipzig, 1882. 
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Posi-mor(em Appearances in Man. — When araenious acid ia i 
lowed in sabatance or solution, the most marked change ie that in the 
mucona membrane of the stomach and intestines ; and, even when the 
poison has bocn absorbed by the skin, or taken in any other way, there- 
may be a very pronounced imflammatory action. On the other hand, 
this is occasionally absent, Orfila* relates a case in which a man died 
in thirteen hours after having taken 13 grms. of arsenious acid : — " The 
mucoiis membrane of the stomach presented in its whole extent no trace of 
inflammation, no redness, and no alteration of texture." Many other simi- 
lar cases are on record ; and, according to Harvey's statistics, in 197 coses, 
36 (about 18'2 per cent.) presented no lesion of the stomach. 

The usual changes produced by arsenious acid may be studied in 
the mnseuma of the London hospitals. In Guy's Uospital Mnaeum I 
found three preparations. In preparation 1798" is seen a large stomach 
with the mucous membrane at certain points abraded, and at the great 
curvature the whole coats are thinned ; it is also somewhat congested. 
In preparation 1798" is a portion of coagulated lymph, from the stom- 
ach of a lad aged fourteen, who had taken accidentally a piece of cheese 
charged with arsenious acid, prepared for the purpose of destroying rata. 
He lived twenty-eight hours, and presented the ordinary symptoms. 
The lymph has a membranous appearance, and the rugse of the etom- 
ach are impressed upon it. It is said when recent to have presented 
numerous bright bloody .spots, although there was no visible breach of 
substance on the surface of the stomach. The mucous membrane of the 
stomach is stated to have been injected, and there was also diffuse injection 
of the duodenum. Preparation 1798" ia the stomach of a person who 
survived thirteen hours after taking a fatal dose of arsenioua acid ; and 
in the same museum there is a wax model of the appearances which the 
fresh preparation exhibited, showing a large oval patch coated with 
mucous and the poison. The stomach was intensely inflamed, the c©cnm 
injected. The rest of the intestine was healthy. 

In the museum of University College there are two preparations, 
one t exhibiting intense swelling and congesting of the gastric muconft 
membrane, which is of a perfectly vermilion colour. Another prepara- 
tion {No. 2868) shows the effect of a small dose of arsenic on the stom- 
ach ; there are spota of arborescent extravasation, and slight congestion 
of the summit of the rngse, but ia other respects it is normal. There 
ia also a cast of Peyer's patches from the aame case, showing great 
prominence of the glands, with acme injection of the intestinal mucous 
membrane, 

•Tome i., obs. v. 

t This preparation at the time of my visit had no number, 



In St. Thomaa' Hoapitdl there is au interesting preparation (Xo. 8) 
Blowing the gastric mucous membrane dotted all over with minute 
ulcers, none of which have an inflammatory zone.* I have not, however, 
seen in any museum a preparation of the curious emphysematous condi- 
tion of the mucoua membrane, which has more than once been met with. 
For example, in a case related by Tardien,! Schwann, a labourer, died from 
the effects of arsenic in thirty-six hours. The autopsy showed that the ] 
mucous membrane of the stomach and small intestine was covered with I 
a pasty coating, and was elevated in nearly its whole extent by the bulls 
filled with gas, forming true emphysematous swellings which encroached. ' 
Qiwn the diameter of the intestine. There was neither redness nor ul- 
ceration, but the mucous membrane was softened. 

I also saw a few years ago at Barnard Caatle an autopsy made on a ' 
gentleman who died from arsenic. In this case the mucous membrane 
of the stomach presented a peculiar appearance, being raised here and 
there by little blebs, and very slightly reddened. 

The inflammatory and other changes rarely aSect the gullet. Bro- j 
die I never observed inflammation of the oesophagus as an effect of arsenic; 
but, when arsenic is swallowed in the solid state, as in the suicide of Sonf- \ 
flard, graphically described by Orfila,§ it may be affected. In Souf- 
flard's case there was B vivid injection of the pharynx and gullet. 

In many instances, when the arsenic has been taken in the solid I 
form, the crystals with mucous and other matters adhere to the lining- ] 
membrane. I have seen in the stomuch of a horse, poisoned by an ounca I 
of arsenic, an esquisite example of this. The inflammatory changes may ( 
be recognised many months after death owing to the antiseptic proper- . 
ties of arsenic ; nevertheless, great caution is necessary in giving an 
opinion, for there is often a i-emarkable redness induced by putrefactive 
changes in healthy stomachs. Ca8i>er|| on this point very justly observes — 
"If Orfila quotesa case from Lepelletier, in which the inflammatory red- 
ness of the mucous membrane of the stomach was to be recognised after 
nine months' interment, and if Taylor cites two cases in which it was observ- 
ed nineteen and twenty-one months after death respectively, this is in con- 
tradiction of all that I, on my part, have seen in the very numerous es- 

• In a case related bj- Orfllft, t. i., oba. iv., deatli resulted from the outward 
application of arsenic; the mucous membrane of the stomach was natural ia 
odour, but there were four ulcers, one of which was fifty centimetres in diam&- 



tOp.cif., oba. i., p. 4 
tna. 7ran«., 1312, 

UgT.i.. p.819. 

I \Eandbueh, vol. ii„p. 
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humed corpses esarained by me in relation to the gradual progresB of 
putrefaction and of eaponifi cation, and I cannot help here aiiepecting 
■& confuaion with the putrefactive imbibition redness of the mucous 
membrane." 

If examined microscopically, the liver and kidneys show no change, 
£ave a fatty degeneration and infiltration of the epithelial cells. In the 
muacnlar substance of tho heart, under the endocardium, there is al- 
jnost constantly noticed ecchymosis. In the most acute cases, in which 
a cholera-like diiirrho?a has exhausted the sufferer, the blood may be 
thickened from loss of he aqueous constituents, aud the whole of the 
-organs will present that singularly dry appearance, found in all case« in 
which there has been a copious draining away of the body fluids. In 
tho narcotic form of arsenical poisoning, the vessels of the brain have 
been noted as congested, but this congestion is neither marked nor 
pathognomonic. Among the rare puthological changes may be classed 
glossitis, in wliicli the whole tongue has swollen, and is found so large 
as almost to fill the month. This has been explained, in one case, as 
caused by solid arsenioue acid having been left a little time in the mouth 
before swallowing it. On the other hand, it has also been observed when 
the poison has heai absorbed from a cutaneous application. When 
arsenic has been introduced into the vagina, the ordinary traces of in- 
flammatory action have been seen, and, even without dii'ect contact, an 
inflammation of the male and female sesual organs has been recorded, 
■€.ttending so far as gangrene. As a rule, putrefaction is remarkably re- 
tarded, and is especially slow in those organs which contain arsenic ; eo, 
that if the poison has been swallowed, the stomach will retain its form, 
and, even to a certain extent, its natural appearance for an indefinite 
period. In corpses long buried of persons dying from arsenical poison- 
ing, the ordinary process of decay gives place to a saponification, and 
such bodies present a striking contrast to others buried in the same grave- 
yard. This retardation of putrefaction is what might, A prion, be ex- 
pected, for arsenic has been long in use as a preservative of organic 



Physiological Action of Arsenic. — The older view with regard to the 
■essential action of arsenic was, without doubt, that the effects were 
mainly local, and that death ensued from the corrosive action on the 
Btomach and other tiseuea — a view which is in its entirety no longer ac- 
cepted ; nevertheless, it is perfectly true that arsenic has a corrosive lo- 
cal action : it will raise blisters on the skin, will inflame the tongne or 
mucous membranes with which it comes in contact ; and, in those rapid 
cases in which extensive lesions have been found in the alimentary cannl, 
it can hardly be denied that instances of death have occurred more from 
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"the local than the constitntional action, In the vast majority of cases, 
however, there is certainly insufficient local action to account for death, 
and we most refer the letha! result to a more profound and intimate ef- 
fect on the nervous centres, Tlie curious fact that, when arsenic is ah- 
Borbfd from a cutanooue surface or from a wound, the mucous mem- 
brane of the stomach inflames, is explained hy the absorption of the ar- 
senic into the blood and its separation by the mucous membrane, in its 
passage, exerting an irritant action. The diarrhoja has been referred to 
a paralj'sia of the splanchnic nerves, but Esser considers it due to an ir- 
ritation of the ganglia in the intestinal walls. Binz has advanced a new 
and original theory as to the action of arsenious acid ; he considers that 
the protoplasm of the cells of many tissues poaseas the power of oxidising 
arsenious acid to arsenic acid, and this arsenic acid is again, by the same 
Bgency, reduced to arsenious acid ; in this way, by the alternate oxida- 
tion and reduction of tbe arsenious acid, the cells are decomposed, and a 
fatty degeneration takes place. Thus arsenic causes fatty changes in the 
liver, kidney, and other cells by a process analogous to the action of 
phosphorus. A notable diminution of arterial pressure has been ob- 
served. In an experiment by Hugo* -03 grra. of As,Oj was injected in- 
travenously, the normal arterial pressure being 178 mm. Ten minutes 
after injection the pressure sank to 47 mm. ; in sixteen minutes it again 
rose to 127 mm. 

Elimination of Arsejtir. — Arsenic is separated especially by the 
urine,! then through the bile, and by the perspiration. It ia fonnd in 
the urine first after from five to six hours, but the elimination from a 
single dose is not finished till a period of from five to eight days ; it has 
often been looked for twelve days after taking it, but very seldom found. 
Accamnlative action of arsenic never occurs. Hehrn has given, in skin 
diseases, during many months, as much as 13 grms. of arsenic without 
evil result. 

Antidote and Treatment. — In any case in which there is opportunity 
for immediate treatment, ferric hydrate should be administered as an an- 
tidote. Ferric hydrate converts the soluble arsenious acid into the in- 
eolnble ferric arseniate, the ferric oxide being reduced to ferrous oxide 
It Is necessary to use ferric hydrate recently prepared, for if dried it 
changes into an oxybydrate, or even if kept under water the same change 

'Op. eit. 

t An old experiment of Orfila'e has some practical bearings, and may be cited 
here. A dog was treated by -13 grm. of arsenious acid, and supplied plentifully 
wilb liquid to drink : his urine, analysed from time in time during ten days, 
gave Bhundant evidences of arsenic. On killing the animal by hanging on the 
tf mh day, no arsenic could be detected in any of the organs of the body ; it had | 

. been, aa it were, washed out. J 
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occurs, BO that {according to the experiments of Meesra. T. &.. R. Smith) 
after four months the power of the moiet mass is reduced to one-half, and 
after five montlis to one-fourth. 

It is obvious that ferric hjdrate is not in the true sense of the word 
an antidote, for it will only act when it comes in contact with the areen- 
jous acid ; and, when once the poison has been removed from the stomach 
by absorption into the tissues, the ndministration of the hydrate is abso- 
lately nselesa. Ferric hydrate may be readily prepared by adding strong 
ammonia to the solution or tincture of ferric chloride, found in every 
medical man's surgery and in every chemisfs shop, care being taken to 
add no caustic excess of ammonia ; the liquid need not be tilteretl, but 
at once administered. With regard to other methods of medical treat- 
ment, they are simply those suggested by the symptoms and well-known 
effects of the poison. When absorbed, the drinking of water in eicosa 
cannot but assist its elimination by the kidneys. 

Detectu,n of Ar»enic. — The analyst may have to identify arsenic in 
Bubatance, in solution, in alloys, in wall-paper, in earth, and in varioua 
animal, fatty, resinous, or other organic matters. 

Arsenious Acid in Substance. — The general characters of arsemous 
acid have been already described, and are themselves so marked as to be 
unmistakable. The following are the most conclusive tests : — 

(1.) A small fragment placed in the subliming eel! (p. 229), and 
heated to about the temperature of 137'7° (SSCF), at once sublimes in. 
the form of an amorphous powder, if the upper glass disc ja cool ; but if 
heated (as it should be) to nearly the same temperature as the lower* 
characteristic crystals are obtained, remarkable for their brilliancy and 
permanency, and almost always distinct and separate. The prevailing- 
form is the regular octahedron, but the rhombic dodecahedron, the rec- 
tangular prism, superimposed crystals, half crystals, deep triangalar 
plates like tetrahedra, and irregular and confused forms, all occasionally 

(2.) A beautiful and well-known test is that of Berzelius : — A small 
hard-glass tube is taken, and the closed end drawn out to the size of a. 
knitting-needle. Within the extreme point of this fine part is placed 
the fragment (which may be no more than a milligramme), and a splin- 
ter of charcoal, fine enough to enter freely the narrow part, as shown in 
the figure. The portion of the tube containing the charcoal («) is first 



heated until it glows, and then the extreme end ; if arsenic is present, a 
mirror-like coating is easily obtained in the broader portion of the 
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' Tfant this coating ie really arsenical can be established by the 

t of metallic crusta of arsenic towards solvents (aa given at p. 

!he portion of the tube containing the cnist may also be broken 

np, put in a very short, wide teat-tube (the mouth of which is occupied 

by a circle of thin microscopic glass) and heuted, when the arsenic will 

eoblime on to the glass disc, partly as a metal and partly ns crystalline 

^^yueenioua acid, 

^^H (3.) Arsenioua acid, itself inodorous, when heated on coal, after mixing 

^^^t with moist oxalate of potash, evolves a peculiar garlic-like odour. To 

this test oside of antimony adulterated with arsenic will respond, it 

there ia only a thousandth part present. Simply projecting arsenions 

acid on either red-hot charcoal or iron produces the same odour. 

(4.) A little bit of araenious acid heated in a matrass with two or 
three times its weight of acetate of potash, evolves the unsupportable 
odour of kakodyl. 

Arsenilee and Arseniates, mixed with oxalate of aoda aud heated in 
a matrass, afford distinct mirrors, especially the arsenites of the earths 
and silver : those of copper and iron are rather less distinct. 

Sulphides of Arsenic are reduced by any of the processeB described 
on p. 540 el aeq. 

In Solution. — An acid solution of arsenioua acid gives, when treated 
with 811,, a canary-yellow precipitate, soluble in ammonia, carbonate of 
ammonia, and bisulphite of potash, and also a metallic sublimate when 
hieated in a tnbe with the reducing agents in the manner described at p, 
.£40. By these proi>erties the sulphide is distinguished and, indeed, 
rated from antimony, tin, and cadmium. 

The sulphides of tin and cadmium are certainly also yellow, but the 
latter is quite insoluble in ammonia, while the former gives no metallio 
sabliroate when heated with reducing substances. 

The sulphide of antimony, again, is orange, and quite insoluble in 
potasaic bisulphite, and scarcely dissolves in ammonia. 

A small piece of sofllum amalgam placed in a test-tube or flask con- 
taining an arsenic- holding liquid, produces in a short time arseniurcttod 
Jiydrogen, which will blacken a piece of paper, soaked in nitrate of 
■ • ■ ^"-:er, and inserted in the mouth of the flask. This is certainly the most 
irenient test for arsenic. If the liquid he previously made alkaline, 
a aotimonluretted hydrogen (stibine) is given olt. 

Marsh's Original Test for Arsenic consi»t& in evolving nascent hydro- 
gen by zinc and sulphuric acid, and then adding the liquid to be tested. 
Tlie apparatus for Marsh's test, in its simplest form, cousists of a flask 
provided with a cork conveying two tubes, one a funnel reaching nearly 
to the bottom of the fiask ; the other a delivery tnbe, which is of some 
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length, is provided with a chloride of calcium bulh,* and towarde 
end LB turned up at right angles, the end l)eing narrowed. By eyolving 
hydrogen from zinc iind sulphuric acid, and then adding portions of the 
liquid through the funnel, arseniuretted hydrogen in a dry state 13 
driven along the leading tube, can be iguited on its issue, and on de- 
pressing a piece of cold porcelaiu, a dark metallic spot of arsenic ia 
obtained, f Or, if any portion of the tube be made red-hot, the metal is de- 
posited in the same way as a ring. The apparatus admits of much compH- 
catiou and yariaty. One of the most useful additions is, jwrhaps, the 
interposition of a small gasometer. This consists of a eyUndrical glass 
vessel with entrance and exit tubes, open at the bottom, immersed in 
water in a larger vessel, and counterpoised by weights and rollers, 
exactly like the large gasometers used at gasworks ; the exit tube mast 
have a stop-cock, and the gas must pass through sulphuric acid in order 
to dry it thoroughly. 

M. Blondlot has obsen-ed J that if pure zinc, a weak solution of At- 
senious acid, and a sulphuric acid containing nitric acid or nitrous 
compounds, be mixed together, the arsenic passes into a solid hydrate, 
which is deposited on the surface of the zinc. Certain organic sub- 
stances (such as sugar, gum, &c.) prevent this formation of solid hydrate, 
Thus, iu two ways, the analyst may be deceived — under the above condi- 
tions, the zinc may be arsenical, and yet pure hydrogen be evolved ontil 
the very moment in which the liquid to bo tested is added ; or, on tha 
other hand, if the liquid to be tested and the acid itself contain nitrous 
compounds, no arsenic may come off, although arsenic be actually pres- 
ent. The formation of the solid hydrate in the original testing may 
always be prevented by the addition of a li tt!e pure cane sugar ; but in 
operating on liquids of unknown composition, Blondlofs observation 
shows clearly, that if no result isohtained from Marsh's test aa ordinarily 
applied, arsenic may yet be present. This objection does not hold 
good in the evolution of hydrogen by galvanism, nor, ao far as is knw 
when sodium amalgam isiised. 

The precautious to be observed in Marsh's test are : — 

* Otto recommends the first half of tbe drjing tube connected with tlie 
velopment flask to be filled with caustic potash, the latter half with chloride of 
calcium (Auamittelung der Gifte). Dragendorff approves of this, but remarks 
that it should be used when arsenio alooe was searched for, since caustic potash 
decomposes stibine. The potash fixes SHi, and prevents the formation of chlo- 
ride of arsenic, 

I For identification of arsenical films, Bee p. 406, 

JBlondlot; "Transformation de I'arsenic en hydrure solide par I'hydrogena 
i Tinfluence des composes nitreui."— i^oui-. de Pkarm. el de Chim., 
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(1. ) Absolute freedom of the reagents need from arsenic, antimony,* 
md other impurities. 

(2.) The sulphuric acid should be diluted with five times its iceight 
of water, and if freshly prepared should be cooled before use. Strong 
acid must not be employed, f 

(3.) The fluid to be tested should be poured in little by little, 

(4,) Nitrous compounds, nitric acid, hydrochloric acid, chlorides, 
are all more or less prejudiciah 

(5. ) The gas should come off regularly in not too strong a etream, nor 
out of too small an opening. 

(6.) The gas should pass through a red-hot tube at least one hour, 
if no atiiin is til once detected. 

(T.) A little pure bichloride of platinum solution may be added, 
without injury to the zinc, if the gas comes off too slowly. J 

The characteristii's of the metallic stains which may occur either on 
glass or porcelain in the use of Marsh's test, may be noted as under : — 



MiKROii OR Crust of 

Asses ic. 

Is dejKisited at a Uttlc distance 
Erom the flume. 

An arsenical stain is in two por- 
tions, the one brownish, the other a 
glittering black. 

On heating, it is rapidly volatil- 
ised as arsenious acid. 

On transmission of a atreiim of 

Silt, whilst immediately behind the 

atain a pentle heat is applied, the 

• jttieenic is changed to yellow snl- 

' Ide ; § if dry C!H is now trans- 

•■With regard to purity of reagenta. Sonnenachein states that he hna onca 
md chlorate of potash contaminated with arsenic— Sonnenschein : Oeriekt. 
nfe. p. 189. 
M. A. GautiET uses aulphuric acid diluted witli five times its weight of 
: when the hydrogen has displaced the air, he adds to the arsenical matter 
45 grms. of thia acid and Sgrma. of pure sulphuric acid. — Bull de ta SoeUte Chim, 
de Paris. I«75. t. xxiv. 

t A solution of sulphate of copper has been recommended ; according to Oau 
tier, two-thirds of the arsenic In such a case are retained. 

g It is desirable to dissolv? away the free sulphur often deposited with ths 
waMiical sulphide by bisulphide of carbon. 



5IlRRl)R OR CrVST op 
ASTIMOST. 

Is deposited close to the flame, 
and on both sides of it, and \% 
therefore notched. 

The stain is tolerably homogene- 
ous, and usually has a liu-like lus- 
tre. 

Volatilisation very slow ; no crys- 
talline sublimate obtainable. 

The same process applied in the 
case of antimony produces the 
orange or black sulphide: and oil 
passing dry CIH, chloride of anti- 
mony volatilises without the appli- 
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mitted, the arsenical sulphide ia un- cation of heat. 



Antimony not affected. 

Disaolves slowly but completely 

the antimony etain. 
No precipitate with antimony- 



Chloride of lime disaolves the ar- 
senic completely. 

Protochloride of tin has no action 
on metallic areenic. 

The arsenic stain, dissolved in 
aqua regia, or CIH and chlorate of 
potaah, and then treated with tar- 
taric acid, ammonia,and magnesia 
mixtnre, gives a precipitate of am- 
ntonia magnesian arseniate." 

Seinsck's Test is a simple electrolytic method of depoBiting araenio 
on copper : — A piece of pure bright copper foil or gauze is attached to a 
platinum wire, and the co^jper immersed in the liquid to be tested, which 
is then boiled. The liquid must be distinctly acid, aud should be con- 
tained in a flask, the mouth of which is conveniently partially closed by 
a funnel, the free end of the wire reaching well out of the flaak, so that 
the copper may be from time to time examined. The boiUng in very 
dilute solutions should be prolonged, but it need not be violent — & gentle 
simmering is al! that ia required. The copper, if a very minute quantity 
of arsenic is present, will have a greyish ataiu upon it ; with larger 
quantities a somewhat glistening black-lead appearance is produced. 
Mercury, sulphur, selenium, and antimony ail stain copper. 

On heating the staiued copper in the subhming cell (p. 239) or in a 
tube, if mercury is present it will sublime in microscopic globules. 
Sulphide of copper can be rubbed off with the fingers, but the arsenic&l 
stain, on the contrary, ia a true alloy, consisting, according to Lippertf 
of one atom of arsenic and five of copper. The arsenical stain, again, 
dissolves in canatic ammonia ; the sulphide of copper does not do so. 
The arsenical stain also diasolvos in a mixture of equal parts of watei 

"SchOnbein lias proposed ozone as an oiidiaer of arsenical staiDS. The eub- 
Btanca contaiuing the stain, together with a jiiece of moist plicsphonis, is placed 
under a shaile, and luft thtfre for some time ; the oxidisation product ia, of course, 
coloured yellow by SH, if it is araenioua acid, orange if antimony. The vapoor 
of iodine colours metallic arsenic pale yellow, and later a browmab hue : on ex- 
posure to the air it losea its colour. Iodine, on the other hand, gives with anti- 
mon; a carmelite brown, changing to orange. 

An arsenical ring may be also treated aa follows :— Precipitated «dac sulphide 
is mode into a pasta with a little water, and introduced into ihe end of the tube; 
the same end is then plunged into dilute sulphuric acid, and the ring heated, 
when the arsenical sulphide wilt be produced. 

t Joum, /. Pract. Chcmie, 13, 6a, p. 1 
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and CIH with development of hjdrogon, an action which does not take 
place with sulphide oi col^po^. 

The arsenicid stain, when heated in the tube or cell, givea a crystal- 
line eubliuiatc of arseuioua acid ; while the autimonial stain is much 
bluer, and gives no crystalline sublimate. Moreover, the antimony can 
reaiiily be converted into antimoniate of jjotash, by warming the copper 
in water made alkaline by potash, and first reddened by potuaaic perman- 
ganate ; heated in this way it, of coutsbj dissolves ; and on filtering off 
the manganese, acidifj-ing with llCl, and testing with SH„ the orange 
£iJphide is obtained. 

Some of the foregoing tests may be applied if there is sufficient ma^ 
tcrial, but if not, it is better at once to pass to Bloxam's method (p. 533), 
which will give positive results without interfering with subsequent testa. 

Arsenic in Organic Matters. — Orfila and the older school of chem- 
ists took the greatest care in searching for arsenic to destroy the last 
trace of organic matter. Orfila'a practice was to chop up the substance 
and make it into a paste with 40U to 700 grms. of water : to this '010 
grm. KUO iu alcohol were added, and '020 grm. of potaasic nitrate. 
The Bobstances were heated up to from 80° to 90° for some time, until 
they were pretty well dissolved ; the organic mjitter was then burat off 
in a Hesaian crucible heated to redness, on which small quantities of the 
matters were placed at a time. When the whole had thus been submit- 
ted to red heat, the melted mass was mn into an almost red-hot porce- 
lain basin, and allowed to cool. Afterwards, it was again heated with 
concentrated sulphuric acid, until all nitric and nitrous fumes were dis- 
sipated ; on dissoh-ing and filtering in water, the liquid was introduced 
into a Marsh's apparatus. Orfila never seems to have failed in detecting 
arecDJc by this process. For an organ like the liver, he considered that 
loo grms. of potash and 86 of strong sulphuric acid were necessaiy in 
order to destroy the organic matters. 

Tlie liability of the various reagents used to impurity, and the 
probability of loss iu these operations have tended to discredit destruc- 
tion of the organic matter by a red heat, and chemists generally have 
preferred to oxidise animal matters by a moist process. The organic 
substance is divided finely and digested with dilute hydrochloric acid, 
and from time t-o time crystals of potaseic chlorate arc thrown in until 
all the fluid is very thin and capable of passing through a filter. The 
filtrate must now be submitted to the prolonged aclion of sulphuretted 
iiydrogen* and the sulphide of arsenic separated from free sulphur by 

• The SH, should be washed by passing it tlirough two or more washing bot- 
tles supplied with warm dihite HCl — a few samples of sulphide of iron give ofl 
•naraeniferouB gae, so that this precaution is neceMary. 
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dissolving in sodic sulphide. After filtering, the arsenic sulphide u 
be again thrown down by tlie addition of hydrochloric acid, collected on 
a filter, nod still further purified by aolutiou in ammoaic carbonate ; 
once mors precipitated by hydrochloric acid, and lastly identified by 
conversion into magnesia pyro-arseniate (see p. 539). The above pro- 
cess is a very general and safe way of detecting arsenic in almost any or- 
ganic tissue, but some substances may be more conveniently treated by 
special processes. Hcsinous matters, for example, may be first extracted 
by alcohol, and the residue dissolved in dilute hydrochloric acid, and 
boiled ill a flask which is connected to a vertical condenser. The alco- 
holic solution may be tested by electi'olysis to see whether any arsenic 
has been dissolved ; if this is the case, the resin may bo precipitated by 
water and filtered off. 

From ordiuiirj pUls, quack extracts, and similar preparations, dry- 
ing, powdering, and exhaustion with boiling dilute HCl, will remove the 
whole of the arsenic, if in a soluble state ; if not, aqua re<jia must be 
employed. 

Oils and matters consisting almost entirely of fat, suspected of con- 
taining arsenic, are gently heated, and allowed to deposit any insoluble 
matter they may contain ; the oil is then decanted, and, it necessary, 
filtered from any deposit ; saponified by alcoholic potash, the soap de- 
composed by HCl, the fatty acids separated, and the arsenic looked for 
both in the first deposit and in the solution, now fairly free from fat, and 
easy to treat. 

In searching for arsenic in the fliuds or tissues of the body, the 
analyst is generally at the mercy of the pathologist, and sometimes the 
work of the chemist leads to a negative result, solely from not having 
the proper organ sent to him.* 

Brodie long ago stated that when ersenious acid had been given in 
solution, to any animal capable of vomiting, no arsenic could be detected 
in the stomach ; this statement is too absolute, but in the majority of 
cases true. 

In all cases the chemist should have portions of the brtun, spinal 
cord, liver, kidneys, lungs, and muscular tissue, as well as the stomach. 
and its contents. 

According to the experiments of ScoloBuboff,t arsenic is generally 
greatest in the maiTow, then in the brain, nest in the liver, and least in 
the muscles, aud the following may be taken as a fairly accurate state- 

• For example, in cases of poiaoning by external application. 
once merely the empty stomach and a piece of intestine have ' 
the writer. 



t Bntt. 8tK. Chim, [2], xriv., p. 124. 



cation, more than 
been forwarda^^l 
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me proportion in which arsenic is likely to be found in 
the bod}', 100 grmti. beiug tukcn of each ; — 

Husclea 1 

Uver 108 

Brain 80-5 

Spinai Marrow, 3T3 

But Ludwig'a* experiments and conclusions are entirely opposed to 
this, since both in acute and chronic cases he found ae follows {per cent. 
AikO,) :- 

*6ram •0003 
Liver -001 

Kidney, . . • -0004 
Muscle, , • -OOOaG 

So that lie detected in the liver five times more than in the brain. M. P. 
Uamberg has also conflmicd the fact, that more is found in the liver and 
kidneys than in the nervous tissues. 

^Vith regard to the preliminary treatment of the stomach and fluids 
submitted to the analyst, the careful noting of appearances, the decsn* 
tation, washing, and examination f (microscopical and ctiemical) of any 
deposit, are precautious so obviously dictated by common sense, that 
they need only be alluded to in passing. Of some conBiderable moment 
is the question which may be put to the analyst iu court, in reference to 
the possible entrance of arsenic into the living- body, by accidental and, 
Ki to speak, si(btle means. Such are the inhaling of the fumes from 
the bnming of arsenical candlea,! and of emanations from papers (see p. 
505),§ as well as the possible entrance of arsenic into the body after death 
from various sources, such as arsenical earth, &c.I| 

• Cf*er die Verhaltimg des Arsens im thierineheii Organiamu* naeh Mnverlet- 
bvng von Jrseniger Sdure. Med. Jakrbtieh, 1880. 

\ From some observations of Fresenius in a recent number of the Zeitaclirift 
f. Anal CTuwn., it would seem necesaarv to teat ail glass vessels used ; for it ia 
difficult at present to purchase arsenic-free glasB, 

t See a case of poisoning (oon-f atal) of a lady by the use of arsenical candles, 
Med. nmesand Oaiette. vol. iu., 1876, p. 867. 

5 To solve this question, it has been at times considered necessary to analyBe 
an eirtraordinary number of things. In the " affaire Danval " (Joarn. lU. HygUno, 
Se ser., No. 106. July, 1878), more than siity different articles, comprising drugs, 
drinks, perfumes, bed-curtains, wall-paper, and other matters, were submitted 
to the experts. 

I Tlie following important case ia related by Sonnenachein ; 

Nicholas Nobel and hia wife. Jerome, were buried two metres from each 
other in the churchyard at Spinal, the earth of which notoriously contained 
uaemc. A suspicion of poisoning arose. The bodies were exhumed, and arsenic 
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Tbe argnmenta which are likely to be need in faTonr of a cOTpu 
having becomo arsenical may be gathered from a case related by Son- 
nenschein : — Certain bodies were exhumed in two churchyards; the 
evidence went to show that they had been poisoned by arsenic, and this 
fiuhstanee was actually found in the bodies, while at the same time it 
was discovered to esiat iriso in traces in the earth of the churchyard. 
The theory for the defence was, that although the arsenic in the earth 
was in an insoluble state, yet that it might combine with lime aa an ar- 
eenite of lime; this arsenite would become soluble by the action of 
carbonic acid set free by vegetation, and filter down to the corpse. Son- 
nenscbein suspended a quantity of this earth in water, and passed 
CO, through it for twelve hours ; on filtering, the liquid gave no evi- 
dence of arsenic. A similar result was obtained when an artificial mix- 
ture of 1 grm. of arsenious acid and 1 pound of earth were submitted to 
the same process. 

The fact would appear to stand thus : oxide of iron in ordinary 
«artli retains arsenic, and requires treatment with a concentrated acid to 
dissolve it. It therefore follows tlmt, if a defence of arsenical earth is 
lilcely to be set up, and the analyst finds that by mere extraction of the 
tisanes by wafer he can detect arsenic, the defence is in all probability 
unsound. The expert should, of course, deal with this question on its 
merits, and without prejudice. According to Eulenberg,* in arsenical 
earth — if after having been crushed and washed, it lies for some time 
exposed to the disintegrating action of tlie air — soluble arsenical salts 
are formed, which may find their way into brooks and supplies of drink- 
ing water. We may infer that it is hardly probable (except under very 
peculiar eircnmstances) for a corpse to be contaminated internally with 
an estimable quantity of arsenic from the traces of arsenic met with in 
a few churchyards. 

It occasionally happens that an exhumation is ordered a very long 
tmie after death, when no organs or parts (save the bones) are to be die- 
tinguiahed. In the case of a man long dead, the widow confessing that 
she had admmistered poison, the bones were analysed bv Sonnenscheln 
and a small quantity of arsenic found. Ooni^rbe and Orfila have both 
5 is a normal constituent of the bones— o statement 



asserted that 



was found in the stomach and mt«rtinea of Nobel, but not the slightest tiB^ in 
the corpse of the wife. The remains of the bodies were t^interrcd. an^ after aix 
months, on a fresb tmapicion of poisoning arising, again exiunned. The corpse 
of the woman bad be^n put naked in the moiat earth during a heavy shower bat 
this time also no arseotc was detected in it. * 

• Qevterbe HygUne. p. 284. 
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which has been repeatedly disproved. SonnenBchein relates ; — * " I pro- 
cured from a churchyard of this place (Berlin), the remnantB of the body 
of a person killed twenty-tivc years previously, and investigated several 
others in a similar way, without finding the least trace of arsenic. Sim- 
ilar experiments in great number were repeated in my laboratory, but in 
no case was arsenic recognised." The opinion of the expert, should be 
find arsenic in the bones, must be formed from the amount discovered, 
snd other circumstances. 

hnbibition of Arsenic iy Dead Tissues. — In a case which occurred 
in the Western States of America, there was good reason for believing 
that areeuic had been introduced into the coqise of a man after his de- 
cease. With regard to the imbibition of arsenic thus introduced, Orfilaf 
Bays : " I have often introduced into the stomach (as well as the rectum) 
of the corpses of men and dogs 2 to 3 grms. of arsenious acid, dissolved 
in from 400 to 500 grms, of water, and have examined the different vis- 
cera at the end of eight, ten, or twenty days. Constantly I have recog- 
nised the effects of cadaveric imbibition. Sections of the liver or other 
orgftns which touch the digestive camtl, carefully cut and analysed, fur- 
nished aiwnic, which could not be obtained sensibly (or not at all) from 
notions which had not been in contact with this canal. If the corpse 
mnained long on the back after arsenious acid had been introduced into 
the stomach, I could obtain this metal from the left half of the dia^ 
pbragm and from the inferior lobe of the left lung, whilst I did nofob- 
tain it from other portions of the dia])hragm nor from the right lung." 
Dr. Reece has also made some esperiments on the imbibition of arsenic 
atier death. He injected solutions of arsenious acid into the stomach of 
various warm-blooded animals, and found at various periods arsenic, not 
alone in the intestinal canal, but also in the spleen, liver, and kidneys. 
Analynis of Wall-paper for Arsenic. — The separation of arsenic from 
paper is extremely easy, and admits of great variety of manipulation. A 
verj- quick special method is as follows : — The paper is saturated nith 
chlorate of potash solution, dried, set on fire in a suitable plate, and in- 
stantly covered with a hell-glass. The ash is collected, pulverised and 
exhausted with cold water, which has previously thoroughly cleansed the 
plate and bell-glass ; the arsenic in combination with the potash is dig 
solved, whilst oxides of chromium, copper, aluminium, tin, and lead, 
remain in the insoluble portion.! 

On investigating the air of a room or chamber suspected of being 
impregnated with arsenic, it is important to know whether it is caused 
• OeriehU. Chem.. p. 812. 

M Ctp. eit., t i.. p. 308. 

It Gapferachlaeger : Rev. VniversclU. des Mines. 1876. 
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by arsenical duat or by AsHj. In the case of a child dying with symp. 
toms of arsenical poisoning in a room papered with a pigment CMintain- 
ing Scbeele'a green, Sonueuschein* placed a perfectly clean table in the 
room, which was kept closed for eight days. At the end of that time he 
esamined the dust of the table by the microscope and chemically ; the 
former rcTealed green particles, the latter arsenic. It would, however, 
appear both a more rapid and convenient method to draw a large num- 
ber of litres of air through a solution of nitrate of silver, and filter the 
air thrwagh cotton wool ; at the termination of the esperimeut examin- 
ing the wool for arsenical dnst, and the nitrate of silver for arsenions 
acid. A conveniem aspirator for such a purpose is an ordinary ale cask, 
filled with water ; a bit of brass tubing is screwed through a hole in the 
bung, and connected with the absorption apparatus, the water being al- 
lowed to trickle away slowly through a tap placed in the usual position. f 
Estimation of Arsenic. — Most of the methods for the quantitative 
determination of arsenic are also excellent tests for its presence. It may 
be regarded, indeed, as an axiom in legal chemistry, that the precise 
amount of every substance detected, if it can be weighed or estimated by 
any process whatever, should be accurately stated. Indefinite expres- 
sions, such aa " a small quantity was found," " traces were detected," 
&c., are most objectionable. The more perfect of the methods of evolv- 
ing arsenic can be made quantitative. For example, the galvanic pro- 
cess introduced by Bloxam may be utilised as follows: — A fractional 
part of the arsenical solution is taken for the experiment ; the bottom of 
a narrow-necked bottle of about 100 cc. capacity is removed, and re- 
placed by a piece of vegetable parchment. The neck of the bottle car- 
ries a cork, which is pierced by (1) a platinum wire, which is attached 
to a platinum electroda ; (2) a short tube, bent at right angles, and con- 
nected by piping with a longer tube which has also a rectangular bend, 
and dips into a solution of silver nitrate; (3) an ordinary funnel-tnbe, 
reaching nearly to the bottom. The bottle is placed in a beaker of such 
a size as to leave a small interval between the two, and the whole appar- 
atus stands in a large vessel of cold water. Dilute snlphuric acid is now 
put into the bottle, and also into the beaker, so that the fluid reaches ex- 
actly the same level in each. The positive platinum electrode of a bat- 
tery of six of Grove's cells, or other efficient combination, is immersed 
• HaniUmeh der Oeriehtl. Cktm.. p, 158, 

t The investigation of emanation supposed to be arsenit^l fTom manufac- 
tories, i(!., muat be conducted on the same principles. It would appear that ar- 
senical fumes are evolved in the action ot impure Buljihuric acid on coprolit«s. a 
fact not before observed.—" On the Presence of Aiaenicinthe Vapour of Done 
Manure, " by J, Adams. 
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in the liquid outside the bottle, connection wilh tho negative plate is es- 
tablished, and hydrogen very soon comeB off, and passes over into the ui- 
trat© of silver solution. When all the air is eitpellod, a portion of the 
rectangular tube is heated to redness, and if there is no stain nor any re- 
duction of the silver, the acid is pure. If the gas is passed for a long 
time iuto the silver solution, the silver will be reduced to Bome extent 
by the hydrogen, although arsenic-free ;* so that it is better to rely upon 
the metallic ring or stain, which is certain to be formed on heating a 
portion of the tube rod-hot, and keeping it at that temperature for at 
Itant ten minutes. The liquid is then passed through the funnel in snc- 
oaaive portions ; if arsenic ia present, there will be a decided metallic 
ring on heating the tube as before, and if antimony is present, there 
ffUl also be a stain ; the distinctions between these stains have been de- 
scribed at p. 499. 

The tube is kept red-hot until the stain is very distinct ; then the 
source of heat is removed, and the gaa allowed to bubble throngh the 
Argentic nitrat* solution, which it decomiwses, as before detailed (p. 471). 
This process is continued until, on placing the delivery tube in a sample 
of clear nitrate of silver solution, there is no darkening of colour. In 
certain cases this may take a lung time, but the apparatus, once set to 
work, requires little superintendence. At. the conclusion, the whole of 
the arsenic is separated. — part is in the silver solution as arsenious acid, 
part in the tube as a ring of metallic arsenic. The portion of the tube 
containing the metallic arsenic should be cut oS with a file and weighed, 
the arsenic then removed and re-weighed; the loss is the metal approzi- 
T m tely. Or, the weight of the film may be estimated by having a set of 
' lular deposits of known weight or quantities, in tubes exactly cor- 
Mnding to those used in the analysis, and comparing or matching 

01. 

The arsenious acid in the nitrate of silver may bo dealt with in 
reral ways. The equation given p. 471 shows clearly that pure arsine 
[ into nitrate of silver solution, decomposes it in such a manner 
that, if either the silver deposited or the free acid is estimated, the 
quantity of arsenic can from such data be deduced. In operating on 
organic liquids, ammonia and other products may be given off, rendering 
either of the indirect processes inadvisable. A very convenient method, 
applicable in many cases, is to throw out the silver by hydrochloric 
idd, alkalisethe filtrate by bicarbonate of soda, and titrate with iodine 
■-kilntion. The latter is made by dissolving exactly 12 ■? grms, of pure 

* Nitrate of silver solution is reduced by H|, CH,, PH|, and SbH, ; hence it 
b absolutely aeoeasary in any qualitative examination to prove that e 
Kid iufi actually been produced in the silver solution. 
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dry iodine, by the aid of 18 grms. of potassic iodide in one litre of wa- 
ter, observing that the eolutiou must take pluce in the cold, without 
the application of heat. The principle of the titration is, that argeiiious 
acid, in the presence of water and free alkali, ia converted into ar aenic 
acid. 

Aa,0,+iI+aNa,0=Aa,0s+4NaI. 

The end of the reaction ia known by adding a little atarch-pasS 
the aohition; as soon as a blue colour appears, the procosa ia finished. 

Another convenient way by which (in very dilute solutions of 
arsenious acid) the arsenic may be determined, ia a coiorimetric method, 
which depends on the fact that sulphuretted hydrogen, when araenioua 
acid is preaent in small quantity, produces no precipitate at first, but a 
yellow colour, proportionate to the amount of arsenic present. The 
silver eolution containing araenioua acid is f reed from silver by hydro- 
chloric acid ; a measured quantity of saturated SH, water la added to a 
fractional and, if necessary, diluted portion, in a Neasler cylinder or 
coiorimetric apparatus, and the colour produced exactly imitated, by 
the aid of a dilute solution of araenioua acid added from a burette to a 
similar quantity of SH, water in another cylinder, the fluid being acidi- 
fied with HCI. 

Destruction, of the Organic Matter by Mtric Acid, and Sithaequent 
Reduction of the Arsenic Acid to Arsine {Arsentvretted Bydrogen), and 
final Estimation as Metallic Arsenic. — Thia process, which ia essentially 
a combination of several, has been much improved in its details recently 
by R. H. Chittenden and H. H. Donaldson.* 100 grraa. of the suspected 
matters cut up into small pieces, are heated in a porcelain dish of suita- 
ble aize, stirred by means of a glass rod with 23 ec, of pure concentrated 
nitric acid, and heated up to from 150" to 160°. When the matters as- 
sume a yellow or orange colour, the bath is removed from the aource of 
heat, and 3 cc. of pure concentrated sulphuric acid added, and the mis- 
ture stirred, when the mass becomes brown, swells up, and evolves dense 
nitrous and other fumes. The vessel is again heated to 180", and while 
hot 8 cc. of pure concentrated nitric acid are added, drop by drop, with 
continual stirring. After this addition, it is heated to 200° for fifteen 
minutes, and the result on cooling is a hard carbonaceous residue wholly 
free from nitric acid. The arsenic is in this way oxidised into arsenic 
acid, which is easily soluble in water. The contents of the dish are, 
therefore, perfectly extracted by boiling water ; the aqueous ertract fil- 
tered and evaporated to dryness. The next process ia to obtain the arse* 
nic in a metallic state :— 

'American Chein. Joum., vol. ii., No, 4 ; Chem. Neirs, Jan. 1881, p. 21. 
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The flaek, a Bansen's wash-bottle of 300 ce. capacity, is providt-d 
viA. tt unnll separating fnouel of 05 cc. capacity with glass stop- 
cock. This 13 a very material aid to the obtaiulug of a slow and 
eren eyolntion of gus, ati importunt desideratum when all loss is to be 
avoided ; for with only a fuuuel tube, every time a small portion of fluid 
ii added, a suddeu rush of gas takes place, with probably a small but still 
more or loss appreciable lous. But the separating funnel, filled with the 
wid mixture, can be so arranged as to give a constant and regular sup- 
lily of fluid at the rate of two or three drops per minute, more or less. 
The gas generated is dried by a calcic chloride tube, and then passes 
through a tube of hard glass, heated to a red heat by a miniature furnace 
of three Bmisen lamps with spread burners, so that a continuous flame 
of (i inches is obtained, and with a proper length of cooled tube not a 
trace of arsenie passes by. The glass tube whore heated is wound with a 
Blrip of wire gauze, both ends being supported upon the edges of the 
lamp frame, so that the tube does not sink down when boated. The 
iinall furnace is provided with two appropriate side pieces of sheet metal, 
BO that a steady flame is always obtained. When the quantity of arso- 
nio is very small, the tube is natnrally so placed that the mirror so depos- 
ited in the narrow portion ; but when the arsenic is present, to theeitent 
of O'OOS grm, , the tube should be G mm. in inner diumeter, and bo ar- 
runged that fully 3 inches of this large tube are between the flame and 
the narrow portion, 'ftlien the quantity of arsenic is less, the tube caa 
naturally be smaller. 

' Acids of different strengths are made as follows : — 



I 



MS cc. pure cone. H.SO,. 
8000 CO. BiO. 


I09cc.pureeonc.I 
JMOcc. Acid No. 1 


Add No. S. 


AoldNo.4 


218 cc. pure cone. H,SO, 
1«0 CC. Acid No. :. 


fiSOcc. purecoDO. I 
1248 cc, H,0. 



26 to 35 grms, of granulated zinc, previously alloyed with a small quan- 
tity of platinum, are placed in the generator, and everything being In 
position, the apparatus is filled with hydrogen by the use of a small 
quantity of acid No. 2. After a suflScient time has elapsed, the gas is 
lighted at the jet, and the glass tube heated to a bright redness. 

The arsenical solution in concentrated form ia mixed with 45 cc. of 
will No. 2, and the mixture passed into the separating funnel, from 
which it ia allowed to flow into the generator at such a rate that the 
entire fluid is introduced in one hour or one and a half : 40 cc. of acid 
No, 3 are then added and allowed to flow slowly into the generator^ 
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and lastly, 45 cc. of acid No. 4. The amount of time required will vary 
with the amount of arsenic : 3 to 3 mgrma, of ftrsenic will require about 
two to three hours for the entire deoouipoaition, while 4 to 5 nigruis. 
will need perhaps three to four hours. Where the amount of arsenic is 
small, only 25 grma. of zinc are needed, and but 45 cc. of acid No. 2, 30 
cc. of acid No. 3, and 30 cc. of acid No. 4 ; but when 4 to 5 uigrms. of 
arsenic are present, it ia better to take the first mentioned quantities of 
ziuc and acids. 

The arsenic being thus collected as a large or small mirror of metal, 
the tube ia cut at a safe distance from the mirror, so that a lube of per- 
haps 2 to 6 grms. weight is obtained. This is carefully weighed, and 
then the arsenic removed by simple heating ; or, if the arsenic ia to 
be saved {as in a tosicological ciise), dissolved out with stioug nitric 
acid. The tube is then cleaned, dried, and again weighed, the difference 
giving the weight of metallic arsenic, from which by a simple calcultitiou 
the amount of araenious oxide can be obtained. Some test resalte are 
given ae follows ; they were obtained by introducing definite quantities of 
arseniouB oxide in the fonn of a solution mixed with 45 cc. of No. 3 acid, 
&c : — 

Qouitlty of Wt. of UetaLlIo Th^iretli^ Wt. of 

Anealn Intniduoed. Arsenlo toond. Hetalllo Artenlo. 

0-005 grm. As^i 0OOS73 0-00378 

0-005 ■■ ■■ 000370 o-ooara 

0-004 '■ " O'OOaOO 0-00303 



The process is, on the whole, both convenient and accurat«, and is 
highly to be commended. 

Evolution of Arsitie by Means of Sodium Amalgam. — The method 
has been proposed by Dr. E, Davy,* and is simply the evolution of nas- 
cent hydrogen by sodium amalgam. In the original paper it is suggest- 
ed as a qualitative test only, and paper soaked in argentic nitrate solu- 
tion ia used as an indicator. It is, however, obvioua that the arsenic evolv- 
ed may be abaorbod by argentic nitrate solution, or arsenic deposited as 
a metallic coating in the tube. A sodium amalgam is prepared by add- 
ing 1 part of sodium to 10 jiarts of mercury ; if any quantity of this 
amalgam is required, the sodium may be melted, under paraffin, and 
poured in a thin stream on the mercury,! which beoomea solid sooner 
than the paraffin, and the latter may he poured off. finally cleansing the 
amalgam by petroleum ether. This amalgam will contain no arsenic ; 



• Ohem, JVeios, vol. i 



ii.. p. 58. 
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but in a medicolegal inveatigation it shonld be nevertheless tested, by 
evolving bydrogeu from water with it, and passing tho giie for nn hour 
through argentic nitrate solution. A little silver may be precipitated, 
girii^ the solution a slightly smoky colour ; but on freeing the solution 
{rom silver by HCl, no arsenic should be detected by hydric sulphide or 
other tests. 

The quantitative analysis by Davy's test is made by placing in a 
flask u fractional part of the liquid to be examined, adding a few pieces 
of the amalgam, and conducting the evolved gas into a 4 per cent, ar- 
gentic nitrate solution. The flask may be conveniently fitted up with an 
india-rubber cork pierced by two tubes, the one a thistle funnel-tobe, 
reaching nearly to the bottom, the other commencing at the lower end 
of the cork, and leading in the usual way into the silver solution. When 
hobbles cease to come off, heat should be applied, and the last trace of 
amne driven over by boiling. After boiling, the liquid should be cooled, 
Bome fresh amalgam added, and the process i-cpealed until no arsine is 
evolved. In personal experiments upon this method (using solutions of 
arsenious acid in beer, wine, spirits, urine, &c.), the writer has found it 
accurate, although often taking considerable time. 

" Preciptlalion as Termtphide. — Despite the advantages of some of 
the processes described, which are (to a certain extent) new, easy, and 
aucnrate, not a few chemists still prefer the old method of precipitation 
with hydric sulphide SH„ because, although tedious, it has stood the 
test of experience. If this be used, it is well in most cases to pass sul- 
phurous anhydride through the hquid until it smells strongly of the gas, 
for by this means any arsenic acid present is reduced, the sulphurous an- 
hydride is quickly got rid of by a current of carbonic anhydride, and 
then the liquid is saturated with hydrio sulphide. In the ordinary way, 
much time is often wasted in saturating the liquid with this gas. Those, 
however, who have large laboratories, and daily employ hydric sulphide, 
possess (or shonld possess) a water saturated with the gas under pressure ; 
tuch a liquid, adde<l in equal volume to an arseuicul solution, is able to 
wnvort the whole of the arsenic into sulphide in a very few minutes. 
Those who do not possess this hydric sulphide water can saturate in an 
boar the liquid to be tested, by passing the gas in under pressure. A 
«)Qvenient method is to evolve SH, from sulphide of antimony and CIH ; 
the gas passes first into a wash-bottle, and then into a strong flask con- 
t«iuing the solution under trial. This flask is fumishod with a safety- 
^Tp. proportioned to the strength of tho apparatus ; the two tubes dip- 
ping into the wash-bottle and the lost fiask are provided with Bnnsen's 
Tslvea, which only allow the gas to pass in one direction. The hydrio 
xilphido is then driven over by heat, and wheu sufiicient gas has in this 
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way passed into the liquid, the flame ia withdrawn, and the 
allowed to ataiid for some hours, the valves preventing any backward 
flow of the liquid or gaa. When the precipitate liaa settled to the bot- 
tom, the Buperniitant fluid ia carefully passed through a filter, and the 
precipitate washed by decantation in the flask, without transference to 
the filter, if it cau be avoided. 

The sulphide thus obtained is the triaulphids of arsenic, mixed with 
sulphur, and, in most medico-legal inquiries, eoutaminated by organic 
matter. It ia, therefore, too impure to be directly weighed, and there 
are several methods of purification open to the analyst. 

(o.) Solution in Ammonia and Eslimaiion by Iodine.*— 1he> filter 
ia pierced, and the sulphido washed into a flask by iimmouia water (which 
need not be concentrated), and dissolved by warming, filtered from any 
insoluble matter, and oatimated by iodine and starch. 

{b.) Drying the Purified Precipitate at a high temperature, and ther, 
directly weighing.] — The sulphide ia dissolved, m before, in ammonia, 
filtered, and evaporated to dryness in a porcelain dish, which is placed 
with its contents on a sand-bath, and heated carefully. AVith attention 
it ia easy to evaporate off in this Tray any free sulphur, J and to carbonise 
the traces of organic matter, without any volatilisation of the aulphtde 
of arsenic. The black mass is once more dissolved in ammonia, filtered, 
and the filtrate evaporated in a tared porcelain dish to dryness, and 
finally weighed as sulphide of arsenic. 

(c.) Oxidation of the Sulphide and Precipitation as Ammonia Mag- 
nesian Arseniate, or Magnesia Pyro-Arseniate. — The tersulphide, as 
before, is dissolved in ammonia (not omitting the filter paper, which 
should be soaked in this reagent), the solution filtered, and evaporated 
to dryness. The dry residue is now oxidised by fuming nitric acid, 
taking care to protect the dish with a large watch-glass (or other cover) 
during the first violent action ; the dish ia then heated in the water- 
bath until all the sulphur has disappeared, and only a small bulk of the 
liquid remains ; it is then dilated and precipitated by " magnesia mix- 
ture. "§ The fluid muat stand for several hours, and, if the c 

* P. Champion and H. Pellpt. Btdl. Soc, Chim. [2], isvi., pp. 541-544. 

t F. Mobr. Chem. Toxicologie. p. 56. 

X Ammonia alwaj-a dissolves some free sulphui 

g Magnesia Mixture : — 

Sulphate of luagnesia, 

Chloride of a; 

Solution of ai 

Water, 
dissolve ; then aJIow to ataud for several days ; flnaJly filter, and keep for l| 







to be determined as the asnal ammoniacal sFilt, it mnat be poGSed througli 
& weighed filter, and washed with a little ammonittca! water (1:3). The 
solubility of the precipitate ia considerable, and for every 16 ec, of the 
filtrate (not the waahingB) 1 mgrm. must be allowed. The precipitate 
dried at 100°, 2{NH,MgAaO,)II,0 represents 39-47 per cenK metallic 
araonic. 

The solubility of the magnesium arseniate itself, and the general 
like which chemists have to weighing in such hygroscopic material as 
filter, are, perhaps, the main reasons for the variation of this old 
method, which has lately come into notice. Rose proposed some time 
ago the conversion of the double salt into the pyro-arseniate — a method 
condemned by Fresenius and Pamell. but examined and pronounced a 
practicable and accurate process by Remol, Eaunnelsberg, Thorpe, Ful- 
ler, Wittstein, Emersou, Macivor, Wood, and Brauuer. The modifica- 
tion of Rose's process, recommended by Wood,* and still further improved 
by Brauner,t may be accepted. 

The precipitation is afEected by magnesia mixture, with the addition 
of half its bulk of alcohol. The solution is allowed to stand for several 
Lours, until it ia possible to decant the clear liquid from the precipitate ; 
the latter is now dissolved in CIH, reprecipitated as before, thrown on a 
«mall filter, and wnahed with a mixture of one volume of ammonia, two 
Toiumes of alcohol, and three of water. 

The precipitate is now dried, and transferred as completely as pos- 
sible from the filter into a small porcelain crucible, included in a larger 
one made of platinum, moistened with nitric acid, covered and boated at 
first gently, lastly to a bright redness ; the filter is then treated similarly, 
and the crucible with ita contents weighed. Pyro-arseniate of arsenic 
{Mg,As,0,) contains 48 '29 per cent, of metallic arsenic. 

{d.) Conversion of iJie Trisulphule cf Arsenic info (he Arsenomo- 
iybdate of Ammonia. — The purified sulphide ia oxidised by nitric acid, 
the acid solution is rendered alkaline by ammonia, and then precipitated 
l)y a molybdenum solution made as follows : 100 grms. of molybdic acid 
»re dissolved in 150 cc. of ordinary ammonia and 80 of water ; this solu- 
tion ia ponred drop by drop into 500 cc. of pure nitric acid and 300 cc. of 
"water ; it is allowed to settle, and, M necessary, filtered. The molybdic 
solution must be mixed in excess with the liquid under treatment, the 
temperature raised to 70° or 80°, and nitric acid added in access until a 
jellow coloration appears ; the licjuid is then passed tbrough a tared fil- 
ter, and dried at 100". It contains 5-1 per cent, of arsenic acid [3-3 As,]! 
• Zeitaehrift f&r Anal, dtem., vol. xiv., p. 356. 
i Ibid, XTi., pp.07, 58 
i Champion and FeUett, Butt. Soe. Chim, Jan. 7, 1877. 
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(e.) Conversion of the Sulphide into Metallic Arsenic. — If ffi^^^ 
should be any doubt as to tbe nature of the precipitated eubetaiices, tha 
rery best way of resolving tliia doubt is to reduce the sulphide to metal. 
The original procoss of Freaeulua was to mix the sulphide with carbouata 
of soda and cyanide of potassium, and place the mixture ia the wide 
part of a tube of hard German glass, drawn out at oue end to a capillary 
fineness. Carbonic anhydride, properly dried, was passed through the 
tube, and the portion containing the mixture heated to redness ; in 
this way the arsenical sulphide was reduced, and the metal condensed in 
the capillary portion, where the smallest quantity couid be recognised. 
A more elaborate and accurate process, baaed on the same principles, has 
been advocated by Mohr.* 

A convenient quantity of carbonate of soda is added to the sulphide, 
and the whole mixed with a very little water, and gently warmed. The 
yellow precipitate la very soon dissolved, and then the whole is evaporat- 
ed carefully, until it is in a granular, somewhat moiat, adhesive state. 
It IS now transferred to a glass tube, open at top and bottom, but the 
top widened into a funnel ; this tube is firmly held perpendicularly on a 
glass plate, and the prepared sulphide hammered into a compact cylinder 
by the aid of a glass rod, which just fits the tube. The cylinder is now 
dried over a flame, untO no more moisture is to be detected, and then 
transferred into a glass tube four or five inches long, and with one end 
drawn to a point (the weight of this tube should be first accurately 
taken). The tube is connected with the following series : — (1) A chlo- 
ride of calcium tube ; (2) a small bottle containing nitrate of silver; 
(3) a hydrogen-generating bottle containing zinc and sulphuric acid. 
The hydrogen goes through the argentic nitrate solution, leaving behind 
any sulphur and arsenic it may contain ; it is then dried by chloride of 
calcium, and streams in a pure dry state over the cylinder of prepared 
sulphide {no error with regard to impurities in the gas is likely to occur ; 
but in rigid inquiries it is advisable to heat a portion of the tube, previoo^ 
to the insertion of the cylitider, for some time, in order to prove ihfr 
absence of any external arsenical sonrce) ; when it is certain that pore 
hydrogen, unmixed with air, is being evolved, the portion of the tube ia 
which the cylinder rests is heated slowly to redness, and the metallic 
arsenic sublimes at a little distance from the source of heat. Loss is in- 
evitable if the tube is too short, or the stream of hydrogen too powerful. 

The tube after the operation is divided, the portion soiled by the- 

soda thoroughly cleansed, and then both parts weighed ; the difference 

between the weight of the empty tube and the tube -(-arsenic gives the 

metallic arsenic. This is the process as recommended by Mohr ; it may» 

Mobr'a Toxicdogie, p. 57 
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however, be pointed out that the glass tube itself loses weight when any 
jHjrtion of it h kept red-hot for some little time ; and, therefore, imless 
the cruat is required in the original tube, it is better to divide It, carefnl- 
ly weigh the arsenical portion, remove the crust, and then reweigh. The 
method is nearly but not perfectly accurate ; for if the white alkaline re- 
sidue be examined, araeuic will be detected in it, the reason being that 
the arsenical sulphide generally contains peota-aulphide of arsenic as well 
Ks free sulphur. Now the pentaaulphide does not give up metallic 
arsenic when treated as before detailed; nor, indeed, does the trisulphide, 
if mixed with much sulphur, yield an arsenical crust. It is, therefore, 
cf great moment to free the precipitate as much as possible from sulphur, 
before attempting the reduction. 

The development of a reducing gas from a special and somewhat com- 
j)licated apparatus is not absolutely necessary. The whole process of re- 
daction, from beginning to end, may take place in a single tube by any 
•f the following processes :— (1) The sulphide is mixed with oxalate of 
sod» (» salt which contains no water of crystallisation), and the dry mix- 
"tnre is transferred to a suitable tube, sealed at one end. An ai'senical 
anirror is readily obtained, and, if the heat is continued long enough, no 
mrsenic remains behind — an excellent and easy method, in which the 
vodncing gaa is carbonic oxide, in an atmosphere of carbonic anhydride. 
^i) The sulphide is oxidised by nqtia regia, and the solution evaporated 
to complete ilrvness. The residue is then dissolved in a few drops of 
'water, with the iuldition of some largish grains of good wood charcoal 
(which absorb moat of the solution), and the whole carefully dried. The- 
ma^ is now ti-ansferred to a tube closed at one end, a little charcoal 
added in the form of an upper layer, and heat applied first to this upper 
layer, so as to replace the air with CO^ and then to bring the whole tube 
^rraduallv to redness from above downwanls. In this case also the whole 
of the arsenic sublimes as a metallic mirror. 

There are various other modifications, but the above are trustworthy, 
and quiet sufficient. Brugelmann's method of determining arsenic, else- 
where described, would appear to possess some advantages, and to prom- 
ise well ; but the writer has had no personal experience of it with re- 
gard to arsenic. 

Convenion of Arsenic into Araenioug Chloride (AsClj). — This pro- 
cess, first employed by Schneider and Fyfe, and afterwards modified by 
Tiivlor, differs from all the preceding, since an attempt is made to sepa- 
iBte bv one operation volatile metallic chlorides, and to destroy the 
organic matter, and thus obtain two liquids — one a distillate — tolerably 
clear and free from solid particles, whilst the mass in the retort retains 
Buch metalB as copper, and is in every way easy to deal with. 
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Schneider and Fyfe employed Bulphuric s 
Taylor recommends hydrochloric acid, which is in every respect prefer- 
able. As recoramended by Taylor all inattere, organic or otherwise, are 
to be completely desiccated before their introduction into a retort, and 
on these dried Bubstunces sufficient pure hydrochloric itcid poured, and 
the diBtillatioa puBhed to dryness. Every one ib well aware how tedions 
is the attempt to dry perfectly the organs of the body (such as liver, &c.) 
at any temperature low enough to ensure against volatilisaton of such a 
substance as, e. g., calomel. This drying has, therefore, been the great 
fltumbhng-block which has prevented the general application of the pn>i 
cess. It will be found, however, that drying in the ordinary way is by 
no means necessary. The writer cuts up the solid organ {Buch as liver, 
brain, &c.) with sciasors into small pieces, and transfers them to a retort 
fitted by an air-tight joint to a Liobig condenser; the condenser in its 
turn being connected with a flask by a tube passing through an india- 
mbber stopper. Another tube from the same flask is connected with 
india-rubber piping, which terminates ultimately by an iron tube, in an 
open fire, furnace chimney, or other place convenient for convej-ing oflE 
the very offensive vapors from the laboratory. The distillation is now 
tarried on to carbonisation ; on cooling, a second quantity of hydro- 
chloric acid is added, and the last fraction of the distillate examined for 
arsenic. If any is found, a third distillation is necessary. At the ter- 
mination of the operation the retort is washed with water, the solution 
filtered, and this solution and the distillate are each separately examined 
for arsenic. If properly performed, however, the second distillation 
brings over the whole of the arsenical chloride,* and none will be found 
in the retort. With good management there is no odour, nor is there 
any loss of substance. In the distillate the arsenic can hardly be in tlie 
form of arsenious chloride, but rather arsenious acid and hydrochloric 
acid ; for the chloride easily splits up in the presence of water into these 
flubstancea. However that may be, it is in a condition to be very eadly 
dealt with. It is, perhaps, best to convert it into the trisulpbide. Tay- 
lor f recommends evolving arsino in the usual way, and passing the 
arsino (AaH,) into Bolution of silver nitrate, finally estimating it as 
an araeuiate of silver. Objections with regard to the impurity of re- 
agents should be mot by blank experiments. Kaiser J has proposed and 

"Dragendorff asserts to the contrary: but we may quote the authority of Tay- 
lor, who has mode several experimpiits. in which lie ohtained all the arsenic aa 
chloride. The writer haa performed tlieprotesa mnnv tiraen, each time carefully 
testing the mass in the retort for arsenic ; but the result proved that it had entire- 
ly passed over. 

t "Priaciplea of MedicalJurisprudence." vol. i., p, 267, 

t Zeilschr.f. Anal. Chem., siv., pp. 250-281. 
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practiced a modification of this method, which easentially coneiflts in the 
use of Balphiiric acid and aodic chloride (as iu Schneider and Fyfe's 
original process), and in passing the distillate first into a flnsk contain- 
ing a crystal or two of potassium chlorate, and thence into an absorption 
bulb; in the latter most of the arsenic is found in the form of arsenic 
acid, the chloride having been oxidised in its passage. The apparatus is, 
however, complicated in this way withont a corresponding advantage.* 
Lastly. E. Fischer f has shown that it is a considerable advantage to add 
from 10 to 20 cc, of a saturated solution of ferrous chloride before distil- 
ling with HCl. In this way. all the arsenic, whether as arsenic or ar- 
senious acids, is easily converted into chloride. 

t 3. ANTIMONY. 



r Metallic Antimony. — Atomic weight, 130'3 (E. Schneider), 12014 
■(Cookt) ; specific gravity, 6'il5 ; fusing point about 621° (1150°F,) In 
the course of analysis, metallic antimony may be seen as a black powder 
thrown down from solutions ; as a film deposited on copper or platinum; 
-and lastly as a ring on the inside of a tube from the decomposition of 
Btibine. At a bright-red heat it is volatilised slowly, even when hydro- 
gen is passed over it ; chlorine, bromine, and iodine combine with it di- 
rectly. It may be boiled in concentrated CIH without solution; but 
-aqua regia sulphides of potassium and sodium readily dissolve it. The 
distinction between thin films of this metal and of arsenic on copper and 
^lase are pointed out at pp. 499 and 500, It is chiefly used in the arte 
for purposes of alloy, and enters to a small extent into the composition 
■of fireworks {vide p. 478). 

Antimonious Sulphide. — Sulphide of antimony ^340 ; composition 
in 100 parts. Sb 71-76, S 28-24. The commercial article known under 
the name of black antimony, is the native sulphide, freed from silicioua 
matter by fusion, and afterwards pulverised. It is s crystalline metallic- 
looking powder, of a steel grey colour, and is often much contaminated 
with iron, lead copper, and arsenic. 

• Selmi (Atti dell. Aceademia dei LincH, Fasc. ii., 1879), proposed a modifieft- 
tion of Schneider's process. The eubstances are treats with hot, pure sulphuric 
»e\A, and at the same time the liquid In travprserl by a stream of hydrochloric 
acid gJtf- The resulting distillat* ia tested for arsenic by Marsh's process Belmi 
«tates that, operating in this way, he has detected ^ of a mgrm. of Ab,Oi in 
]00 gnus, of aniiual matter , 

\Seheidnng u. Beatimmung d. Areens. Leibig's Annalen d. Chemit, Bd. 
p. 182. 

t Ann. Fhya. Chem.. <2>, v.. pp. 355-281. 
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The amorphous sulphide (us obtained by saturating a solution of tar- 
tar emetic with SH,) is an orange-red powder, soluble in potash, ammo- 
ntc, sodic, and potoasic sulphides ; and dissolving also in concentrated 
hydrochloric acid with evolution of SH, It is insoluble in water and 
dilute acid, scarcely dissolves in carbonate of ammonia, and is quite in- 
soluble in potasaic bisulphite. If ignited gently in a Btream of carbonic 
acid gas, the weight remains constant. To render it anhydrous a heat 
of 200° ia required. 

The recognition of arsenic in the commercial sulphide is most easily 
effected by placing 2 grma. or more in a suitable retort (with condenser), 
adding hydrochloric acid, and distilling. The choloride of arsenic 
passes over before the chloride of antimony ; and by not raising the 
heat too high, very little antimony will come over, even if the distillo. 
tion be carried almost to dryness. The arsenic is detected in the distil- 
late by the ordinary methods. 

Several lamentable accidents have happened recently through mis- 
taking the sulphide of antimony for oxide of manganese, and using it 
with potassic chlorate for the production of oxygen. The addition of a 
drop of hydrochloric acid, it is scarcely necessary to say, will distinguish 
between the two. 

Antimony is frequently estimated as sulphide. An amorphous ter- 
eulphide of mercury, containing a small admixture of antimonious oxide 
and sulphide of potassium, is known under the name of Kermes mineral, 
and baa lately been employed in the vulcanising of india-rubber. Pre- 
pared in this way, the latter may be used for various purposes, and thus 
become a aonrce of danger. It behooves the analyst, therefore, in search- 
ing for antimony, to take special care not to use any india-rubber fittings 
which might contain the pi-eparutton. 

A. pentasulpkide of antimony (from the decomposition of Schleppe's 
salt [Na,S,S,4-(lHaO], when heated with an acid) is uaed in cahco-print- 
ing- 

Tartarnled Antuiiony, Tartrate of Potash and Antimony, or Tar- 
tar Emetic, is, iu a medico-legal sense, the most important of the anti- 
monial salts. Its formula in KShCiH,OjH,0, and 100 parts, theoreti- 
cally, should contain 36'3 per cent, of metallic antimony. According 
to the B.P., 20 grains (1'296 grm.) dissolve without residue in an 
oance (28-396 cc.) of water ; and the solution gives with sulphretted hy- 
drogen an orange precipitate, which, when weighed and dried at 100° 
(212°F,), weighs 9-91 grains (-641 grm.). Tartar emetic occurs in com- 
merce in colourless, transparent, rhombic, octahedral crystals, slightly 
dry air. 

A crystal, placed in the subliming cell {p. 229), decrepitates at 
193"3° (380°F), sublimes at 248-8° (480°?.) very slowly and scantily, and 
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chare at a atill higher temperature, 287-7° (550°^). On evaporating a 
few drops of a solution of tsi-tar emetic, and examining the residue by 
the microscope, the crystals are either tetrahedra, cubes or brnnched fig- 
urea. 100 parts of cold water dissolve 5 of tartar emetic, whilst the same 
quantity of boiling water dissolves ten times as much— viz., 50. The 
watery solution decomposes readily with the formation of algaj ; it gives 
no precipitate with ferrocyauide of potassium, chloride of barium, or ni- 
trate of silver, unless concentrated. 

Metanlhnonic Acid, so familiar to the practical chemist from its in- 
solublii sodium salt, is technically applied in the painting of glass, por- 
c«laiu, and enamels ; and in an impure condition, as antimony ash, to 
the glazing of earthenware. 
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■Aical, Veterinary, and Quack Preparations of Antimony." 

(1.) Pharmaceutical Preparations : — 

Oxide of Antimony {Sbfii) is a white powder fusible at a low red 
heat, and soluble without effervescence in hydrochloric acid, the solution 
responding to the ordinary teets for antimony. Arsenic may be present 
in it aa uu impurity ; the readiest means of detection is to throw small 
portions at a time on glowing charcoal, wlieu very email quantities of 
Atsenic will, under such conditions, emit the peculiar odour. Carbonate 
lime ajipeare also to have been found in the oxide of commerce. 

Antimonial Powder is composed of one part of oxide of antimony 
Ktd two parts of phosphate of lime ; in other words, it ought to give 
33-3 per cent, of Sb,0^ 

Tartar Emetic itself has been ab-eady described. The preparations 
nsed in medicine are — 

The Wine of Antimony { Vinum antimoniale), which is a solution of 
tartar emetic in sherry-wine, and should contain 10 grains of the salt IQ 
each ounce of the wine (2-27 grms. in 100 cc). 

Antimony Ointment ( Ungiientum antimonii tartarati) is a mechani- 
cal mixture of tartar emetic and lard, or simple ointment ;t strength, 2U 
per cent. There is no recorded case of conviction for the adulteration 
of tartar emetic ; cream of tartar ia the only probable addition. In such 
a case the mixture ie less soluble than tartar emetic itself, and on adding 

* The history of antiinouj' as a drug is curious. Its use was prohibited in 
France in 15B8, because it was considered poiaonoua, one Beanier being actually 
expend from the faculty for transgresaing the law on this point. The edict was 
repeal^ in ISSD - but in 1668 tbero was a freahenactmeut, cooflmng its use to the 
■a ot the facnlty. 

t Simple ointment is composed of white wax 3, lard 3. almond oil 3 parta. 
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a small quantity of carbonate of soda to a boiling aolntion of the ens* 
pccted salt, the precipitated oxide, at first thrown down, becomes redis- 
flolved. 

Solution of Chloride of Antimonif is a solution of the terchloride in 
hydrochloric acid ; it is a heavy liquid of s yellowish red colour, power- 
fnlly cBcharotic ; its specific gravity is 1-47 : on dilution with water, the 
whitish-yellow oxychloride of antimony is precipitated. One drachm 
(3'o49 cc.) miied with 4 ounces {112 cc.) of a solution of tartaric acid 
("25 : 4), gives a precipitate with SHi, which weighs at least 22 grains 
(1-435 grm.). This liquid is osed on very rare occasions as an outward 
application by medical men ; farriers sometimes employ it in the foot-rot 
of sheep. 

Sulphurated Antimony {Antimonium sulphuralvrn) is a mixture of 
sulphide of antimony, SbiS,, with a small and variable amount of oxide, 
Sb,0,. The P.B. states that 60 grains (3-88S grms.) dissolved in CIH, 
and poured into water, should give a white precipitate of oxychloride of 
antimony, which (properly washed and dried) weighs about 53 grains 
(3'444 grms.). The officinal compound pill of subchloride of mercury 
{Pilala hydrargyri subchloridt eompoaita) contains 1 grain ('0648 grm.^ 
of sulphurated antimony in every 5 gi-ains (•334 grm.) i. e,, 20 per cent. 

(30 Patent and Quack Pill's :— 

Dt. J. Jolnison's Pills. — From the formula each pill should (|^^^ 

— I^^^l 

Omliui. Oniu. ^^^^H 

Compound Extract of Colocynth, S'S — -163 ~^^^H 

Calomel -63 — -039 ^^^| 

Tartar Emetic -04 — -002 ^^^| 

Oil of Cassia -12 — -OOT ^^^| 

8-2H — -310 ^^^ 

The oil of cassia can be extracted by petroleum ether ; the calomel 
aublimed and identified by the methods given in the article on "Mer- 
cury ;" the antimony deposited in the raetailio state on platinum or tin ; 
and the colocynth extracted by dissolving in water, acidifying, and shak- 
ing up with chloroform. On evaporating the chloroform the residue 
«hould taate extremely bitter ; dissolved in sulphuric acid it changes t^ 
a red colour, and dissolved in Frohde's reagent to a cherry-red. It 
should also have the ordinary reactions of a glucoside. 

Mitchell's Pills contain in each pill : — . ^^^J 

Moee M — -070 ^^^| 

Khubarb 1-6 — 'lOS ^^^H 

Calomel. ' 16 — -010 ^^^1 

Tartar Emetic, ..... -05 — -008 ^^^^| 

2-ei — -iM ^^^H 
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The mineral subsUucee in this are easy of detection by the methods ' 
Already given ; the aloes by the formation of clirysammic acid, and the 
rhubarb by ita microscopical characters. 

Dixon's Pills probably contain the following in each pill : — 



Compound Extraot ot Colocynth, 

Bhubarb 

Tartar Emetic. . . . . 



S-06 — IQSa 

(3.) Aiilimonial Medicines, chiejly Veterinary: — * 

Liver of Antimony is a preparation formerly much used by farriera.1 
It is a mixture of antimonipUB oxide, sulphide of potassium, carbonate offl 
potassium, and uadecomposed trisutphide of antimony (and may uIbo c 
tain sulphate of potassium), all in very undetermined proportions. When,! 
deprived of the soluble potash aaltB, it becomes the washed saffron of anli-^ 
motty of the old pharmacista. A receipt for a grtitse-ball, in a modem 
Trterinary work, gives, with liver of antimony, cream of tartar and guia- 
cum as ingredients. 

Hind's SiL-eaiiiiy-ball is composed of CO grains (3-888 grms.) of tar- 
tar emetic and au equal portion of assafcetida, made up into a ball with 
liquorice powder and syrup. The assafo^tida wil! be readily detected by 
the odour, and the antimony by the methods already recommended. 

Ethiops of Anfimony, very rarely used now, is the mechanical mix- 
ture of the sulphides of antimony and mercury — proportions, 3 of tho 
former to 2 of the latter. 

Tlie FltmfTs of Antimony is an impure oiysulphide of antimony, 
with variable proportions of trioxide and undecomposed trisulphide. 

'Diaphoretic Antimony (calcined antimony) is simply antimoniate ot 
potash. 

Glaus of Antimony is a mixture of sulphide and oxide of antimony, 
contaminated with a small quantity of silica and iron. 

• There has long prevailed an idea (the truth of which is doubtful) that aDti- 
mouT Riven to animals improves their condition ; thus, the Encyclop. Brit., 5th 
ed.. Art. ' Antimony :"—■' A horse that is lean and Hcrubhy. and not to be fatted 
by any means, will become fat on taking a dose of antimony every morning for 
two months together. A boar (ed for brawn, and having; an ounce of antimony 
ciren him every morning, will become fat a fortnight sooner than others put into 
the stye at the sanie time, and fed in the same manner, but without the anti- 
mony." Probably the writer means by the term niilimon]/ the impure sulphide. 
To this may be added the undoubted fact, that in Brunswick the breeders of fat 
gee«e add a eniall quantity of antimonious oxide to the food, aa a traditional cus- 
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A quack pill, by name, Ward'n Red Pill, is said to contain glaas of 
antimony and dragon's blood. 

A?itiriioniaJ compounds used in Pyrotechny : — 

Blue are :— ^11 

AntimoniouB Sulphide. 1 ^^^H 

Sulphur, 8 ^BB 

Nitre 6 •■ 

Tbia composition is used for tbe blue or Bengul signal-light at sea. 
Bisulphide of carbon and water are solvents which will easily separate 
the powder into its three constituents. ' g 

CrimsOD fire :— ^^^| 

Fotassic Chlorate 1735 ^^H 

Alder or Willow Charcoal 4-0 ^^H 

Sulphur ■ . 18- ^^H 

Nitrate of Strontia 55. ^ff 

Autimoaious Sulphide, 3. 6 ^m I 

The spectroscope will readily detect strontia and potassium, and the 
analysis presents no difficulty. In addition to these a very great number 
of other pyrotechuical preparations contain antimony. 

Alloys. — Antimony is much used in alloys. The ancient Pocula 
emelica, or everlasting emetic cups, were made of antimony, and with 
wine standing in them for a day or two, they acquired emetic properties. 
The principal antimoniai alloys are Britannia and type metai, the com- 
position of which is as follows : 

Tin. Copper, Antimony, 

Britannia Metal, Beat, . . t)3-0 1'8 6-2 

Cominon, - . 031 2'0 5-9 • i| 

ForCaatingB, . 030 VH BB ^^H 

For Lamps, . . 9d'0 13 4-7 ^^H 

Tea Lead. AnUmonf. Block Tin. ^^^H 

perceut. per ceul. peroeut ^^^H 

'^M"-. ■ ^ I 8:! ;; S t ■ 

Uetal for Stereotype, 84'3 13'5 2-8 ^Bl 

There is also antimony in brass, concaye mirrors, bell-metal, &c. 

Pigments. — Gasella and Naples yellow are principally composed of 
the antimoniate of lead. 

Anttmony Yellow is a mixture of antimoniate of lead with basic 
chloride of lead. 

Dose. — A medicinal dose of a soluble antimoniai salt should not ex- 
ceed 97-2 mgrms. (IJ^ grain). With circumstances favoring its action. 
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a dose of 129-G mgrmH. (2 grains) has proTed fatal :* but this is quite 
eiceptional, and few medical men would consider so small a quantity 
dangerous for a healthy adult, especially since most poaologieal tables 
prescribe tartar emetic as an emetic in dosea from 64*8 to 19i-4 mgrma. 
(1 to 3 grains). The smallest dose which haa killed a child uppears to 
be46'5 mgrms. (}i grain). f The dose of tartar emetic for horses and 
cattle is very large, as much as 5832 grms. (90 graine) being often given 
fo a horse in his gruel three times a day, 38 grma. {CO grains) are con- 
adered a full, bnt not an excessive, dose for cattle ; '38 grm. (6 grains) 
ii ueetl as an emetic for pigs, and half this quantity for dogs. 

Effects of Tartar Emetic and of AntivKiny Oxide on Animah. — 
Large dosea of tartar emetic act on the warm-blooded animals as on man; 
whether the poison is taken by the mouth, or injected subcutaneonaly, 
all animals able to vomit J do eo. The lieart's action, at first quickened, 
ia afterwards slowed, weakened, and lastly paralysed. This action is 
noticed in cold as well aa in warm-blooded animals. It is to be ascribed 
to a direct action on the heart ; for if the brain and spinal cord of the 
frog be destroyed — or even if a solution of the salt be applied direct to 
the frog's heart separated from the body — the effect ia the same. The 
m&k action of the heart, of course, causes the blood -preaau re to dimin- 
and the heart stops in diastole. The voluntary muscles of the body 
•re also weakened ; the breathing is affected, partly from the action on 

muEcIea. The temperature of the body is dopreaaed {according to 

4, Falck's researches) from 4*4° to 6 '3°. 

•Tajlor. Ouy'aBosp. Jkpcaig, Oct., 1857. 

t Op. cit. 

t L. Hermann (Lehrbii^h der Erperivientetlen Toxieologie) remarks that the 
Diiting must be coasidered ns a reflex action from the inflammatory excite- 
t of the digestive apparatue. especially of the stomach. It is ivitnessed if 
e poiHon is adm.iiiislered aubcutaneoualy or injected into the brain. Indeed, it 
I b established that (at lea«t so far as the muscles are concerned) the coordinated 
movemente producing vomiting are caused by eicitement of the medulla oblon- 
gata. GiannuBsi and others found that after section between the first and third 
*erl«bne of dogs, and subsequent administration of tartar emetic, no vomiting 
took place; and Grimm's researches aeem to show that the suspected I'omit- 
tenirr is identical with the respiratory centre, so that the vomiting movement is 
■ only an abnormal respiratory movement. L. Eermami, however, considers the 
["fteory that when tartar emetic is introduced into the veesels the viymit-centre 
li directly escitcd, erroneous, for (1) in introducing It by the veins much larger 
doeea are required to excite vomiting than by the stomacli ; and (3), after subcu- 
taneous injection of the salt, antimony is found in the first vomit. His ex{ilaua- 
tion, therefore, is that antimony is excreted by the intestinal tract, and in its 
pMsoge excites this action, Majendie's well-known experiment — demonstrating 
that, after extirpation of the stomach, vomiting movements were noticed — is not 
considered opposed to this view. 
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The eflecta of Bmall doses given repeatedly to animals haa been t 
era! times investigated. Dr. Nevin* experimented ujion eleven rabbits, 
giving them tartar emetic four times a day in doses of 33-4 mgrmB. {% 
grain), 64'8 nagrms. (1 grain), and 129'(i mgmis, (2 grains). Five died, 
the first after four, the lust after seventeen days ; three were killed utter 
one, three, and four days respectively, two after an interval of fouric-ea 
days, and one thirty-ouc days after taking the last doae. There was no 
vomiting ; diarrhcea was present in about half the number ; one of the 
rabbits, being with young, aborted. The chief symptoma were general 
dulness, loss of a])petite, and in a few days great emaciation. Four of 
the five that died were convulsed before death, and several of the aniniaU 
exhibited ulcers of the mucous membrane of the mouth, in places with 
which the powder had come in contact, Caillol and Livon have ai*> 
studied the action of small doses of the white oxido of antimony given la 
milk to cats. A cat took in this way in 109 days '028 grm. The ani- 
mal passed gradually into a cachectic state, diarrhcea supervened, and it 
died miserably thin and exhausted. 

Effects of Tartar Emetic on }fan.f — The analogy between the symp- 
toms produced by arsenic and antimony is striking, and in some acute 
cases of poisoning by tartar emetic, there ia but little (if any) clinical dif- 
ference. If the doae of tartar emetic is very large, there may be com- 
plete absence of vomiting, or only a single evacuation of the fltomach- 
Thus, in a caso mentioned by Taylor, in which a veterinary surgeon 
swallowed by mistake 13 grma. (200 grains) of tartar emetic; vomiting 
after fifteen minutes could only be induced by tickling the throat. So, 
again, in the case reported by Jlr. Freer, a man, aged twenty-eight, took 
7-77 grms (120 grains) of tartar emetic by mistake for Epsom salts ; ho 
vomited only once ; half an hour after taking the poison he had violent 
pain in the stomach and abdomen, and spasmodic contraction of the abdo- 
men and arms ; the fingers were firmly contracted, the muscles quite 
rigid, and there was involuntary aqueous purging, After six hours, dur- 
ing which ho was treated with green tea, brandy, and decoction of oak- 
bark, he began to recover, but suffered for many nights from profuse 
perspirations. 

■Lever. Med. Chir. Joiirji., No. I. 

\ Antimony occasionally flnda its way into artioles of food through obscure 
channels. Dr. Page baa recorded the fact of antimonial lozenges having been 
sold openly by an itinerant vendor of confectionery. Earh lozenge contained 
nearly a quarter of a Krain ('IG mgrms.), and they cauaed wpll-marked symptoms 
of poisoning in the case of a servant and two children. Hnw the antimony got 
in was unknown. In this case it appears to have existed not as tartar emetic, but 
as an insoluble oxide, for it would not dialyse in aqueous solution. — (" On a re- 
markable instance of Poisoning by means of Lownges containing Antimony." 
By David Page, M.D., Medical Officer of Health, Lanret, vol. i., 187(1, p. 699). 
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With more moderate and yet krge doses, nausea and vomiting are 
■very promineut symptoms, and are seldom delayed more tliau hsilf an 
hour. The regular course of symptoms may therefore be summed up 
thus : — A metallic taste in the mouth, repeated vomitings, which are 
gomfltiiues bloody, great faintness aud depression, pains in the abdomen 
and stomach, and diarrhoea, which may be involuntary. If the case is 
to teruiinate fatally, the nriue is suppressed, the temperature falls, the 
(ace becomes cyanotic, delirium and convulsions supervene, and death 
occurs in from two to six days. Antimony, like arsenic, often produces 
a pustular eruption. Solitary caaea deviate more or less from the course 
described — t. e., severe cramps aflecting all the muscles, haemorrhage 
from the stomach, kidney, or bowel and death from collapse in a few- 
hours, have all been noticed. In a case recorded by Mr, Morley,* a sur- 
geon's daughter, aged eighteen, took by mistake an unknown quantity 
of anttmonial wine; she soon felt sleepy and powerless, and suffered from 
the usual symptoms in combination with tetanic spasms of the logs. 
She afterwards had enteritis for three weeks, and on recovery her hair 
fell o3. Orfila relates a curious case of inteuse spasm of the gullet from 
a largo dose of tartar emetic. 

Chronic Antimonial Poisoning. — The cases of Palmer and J. P. 
Cook, M, Mullen, Freeman, Winslow, Pritchard, and the remarkablo- 
Bmvo case have, in late years, given the subject of chronic antimoniul 
poisoning a considerable prominence. In the trials referred to, it waft 
shown that medical men might easily mistake the effects of small doses 
of antimony given at intervals for the action of disease — the symptoms 
being great nausea, followed by vomiting, chronic diarrhcea, alternating 
with constipation, small frequent pulse, loss of voice, great muscular 
weakness, depression, with coldness of the skin and a clammy perspira- 
tion. In the case of Mrs. Pritchard, f her face was flushed, and her 
manner so eicited as to give an ordinary observer the idea that she had 
been drinking ; and with the usual symptoms of vomiting and purging 
she suffered from cramps in the hands. Dr. Pritchard tried to make it 
appear that she was suffering from typhoid fever, which the symptoms 
in a few respects only resembled. 

According to Eulenberg, workmen exposed for a long period to tho 
vapour of the oxide of antimony, suffer pain in the bladder and a burn- 
ing sensation in the urethra, and continued inhalation even leads to im- 
potence and wasting of the testicles-t 

• Bril. Jtffrf. ,/onrti., Oct. U, p. 70. 

f Edin. Xed. Jaum.. 1865. 

t In the finit operations o( finishing printers' tjrpe*. the workmen iniiale a, 
metallic dust, which Rivea rise to effects similar to 1eai! colic ; and probably in 
itua case the lead is more active than the a.sgciciated antimony. 
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Posf-morlem Ajipcarances. — The effect of large doses of tartar etnctif 
is mainly concentratfd upou the gaatro- intestinal mucous membrane. 
There is an example iii the museum of TJniversitj College Hospital of 
the changes which reenlted from the administration of tartar emetic in the 
iroatment of pneumonia. These are ascribed in the catalogue, in part 
to the local action of the medicine, and iu part to the extreme prostra- 
tion of the patient. In the preparation (No. 1052) the mncona mem- 
brano over the fore border of the epiglottis and adjacent part of the 
Lphiirynx, has been destroyed by sloughing ; the niceration extends into 
the ui)per part of the (esophagus. About an inch below its commence- 
ment, the mucous membrane has been entirely removed by sloughing 
and ulceration, the circulai' muscular fibres being exposed. Above the 
npper limit of this ulcer, the mucous membrane presents several oval, 
elongated, and ulcerated areas, occupied by strips of mucous membrane 
which have sloughed. In other places, irregular portions of the mucous 
membrane, of a dull ashen-gray colour, have undergone sloughing ; the 
-edges of the sloughing portion are of colours varying fi-om brown to 
'black. 

It ia seldom that so much change is seen in the gullet and pharynx 
■as this Museum preparation exhibits ; but redness, swelling, and the 
general signs of inflammation are seldom absent from the stomach and 
some parts of the intestines. On the lining membrane of the moath, 
«lcers and pustules have been observed. 

In Dr. Nevin's experiments in 'the chronic poisoning of rabbits al- 
ready referred to, the po»t-morfem appearances consisted in congestion of 
the hver in all the rabbits ; in nearly all there was vivid redness of the 
stomach; in two cases there wasulceration ; in some, cartilaginous hard- 
ness of the pylorus : while, in others, the small intestines presented 
patches of inflammation. In two of the rabbits the solitary glaiids 
throughout the intestines were prominent, yellow in colour, and loaded 
with antimony. The colon and rectum were healthy, the kidneys con- 
gested ; the Inngs were in most congested, in some actually inflamed. 
<ir hepatised and gorged with blood. Bloody extravasations in the chest 
*ud abdomen were frequent. 

Saikowaky,* in feeding animals daily with antimony, found invaria- 
hly in the course of fourteen to nineteen days fatty degeneration of the 
livor, and sometimes of the kidney and heart. In the experiment of 

ICaillol and Livon also all the organs were pale, the liver bad undergone 
fatty degeneration, and the lung had its alveoli filled with large degen- 
erated cells, consisting almost entirely of fat. The mesenteric glands 
am 



• Virchow'B Arch. /. Path. Ariat.. Bd xxv.; also, C<-^itralblatt f. lied. WU- 

Mm.,No. 38, isaa. 
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also formed large caseooB masses, yellowish-white in colour, which, un- 
der the microscope, were seen to bo composed of fatty cells, so that there 
ia a complete analogy between the action of arsenic and antimony on the 
body tissues. 

Elimination of Antimony. — Antimony is mainly eliminated by the 
urine. In 1840, Orfila showed to the Acadhitie tie i/f'^cfiHn metallic an- 
timony, which he had extracted from a patient who had taken '13 grm, 
of tartar emetic in twenty-four hours. He alao obtained antimony from 
an old woman, aged eighty, who twelve hom-s before had taken -G grm. 
(9Ji grains) — a large dose, which had neither proilnced vomiting nor 
purging. In Dr. Nerin's experimenta on rabbits, antimony was discov- 
ereJ in the urine after the twelfth dose, uid even in the urine of an ani- 
mal twenty-one days after the administration of the poison had been sus- 
pended. 

Antidotes for Tartar Emetic. — Any infusion containing tannin or 
allied astringent principles, such as decoottons of tea, oak-bark, &c, 
may be given with advantage in cases of recent poisoning by tartar emetic, 
for any of the salt which has been expelled by vomiting, may in this way 
be decomposed and rendered harmless. The treatment of acute poison- 
ing which has proved moat successful, has been the enconraging of vom- 
iting by tickling the fauces, giving strong gpreen tea and stimulants. 
(See Appendix.) 

Effects of Cliloride or Biilfer of Antimony. — Only a few cases of poi- 
soning by bnttfir of antimony are on record : its action, generally speak- 
ing, on the tissues is like that of an acid, but there has been considera- 
ble variety in the sjinptoms. Five cases are recorded by Taylor : three 
of the number recovered after taking respectively doses of 7'7 grms. (2 
drachms) and 15'5 grms. (4 drachms), and two died after taking from 
66*6 to 113 grms. (2 to 4 ounces). In one of these cases the symptoms 
were more like those of a narcotic poison, in the other fatal case there 
was abundant vomiting with purging The autopsy in the first case 
ehowed a black appearance from the mouth to the jejunum, as if the parte 
Lad been charred, and extensive destruction of the mucous membrane. 
In the other case there were similar changes in the stomach and the upper 
part of the intestines, but neither the lips nor the lower end of the gullet 
were eroded. In a recent case recorded by Mr. Barrington Cooke,* a 
farmer's wife, aged forty, of unsound mind, managed to etnde the watch- 
fnlnees of her friends and swallowed an unknown quantity of antimony 
chloride abont 1.30 p. m. Shortly afterwards she vomited several times. 
And hud diarrhcea ; at 3.30 a medical man found her lying on her back 
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insensible, and very liyid in the face and neck. She was retching, a 
emitting from her mouth a frothy miicoua fluid, mixed with ejected 
matter of a grumous colour ; the breathing was laboured and Bpaamodic ; 
the pulse could not be fait, and the body was cold and clammy. She ex- 
pired at 3.30, about one hour and a half from the commencement of 
symptoms, and probably within two hours from the taking of the poison. 
The autopsy showed no corrugation of the tongue or inner surface o( tha 
lining membrane of the mouth, and no appearance of the action of a cor- 
rosive upon tho lips, fances, or mucous membrane of the oesophagHH. 
The whole of the mucous membrane of the stomach was intensely congest- 
ed, of a dark and almost black colour, the rest of the viscera were healthy. 
Chemical analysis separated antimony equivalent to nearly a grm. (15 
grains) of the chloride, with a small quaLtity of arsenic, from the eon- 
tents of the stomach. 

Detection of Antimony in, Organic Matters. — In acute poisoning by 
tartar emetic it is not impossible to find a mere trace only in the stom- 
ach, the greater part having been expelled by vomiting, which nearly 
always occurs early, so that the most certain method is, where possible, 
to analyse the ejected matters. IE it should be suspected that a living 
person ia being slowly poisoned by antimony, it must be remembered. 
that the poison is mainly escreted by tho kidneys, and the urine should. 
afford some indication. The readiest way to test is to collect a consider- 
able quantity of the urine (if necessary, two or three days' excretion), 
concentrate by evaporation, acidify, and then transfer the liquid to a 
platinum dish, in which is placed a slip of zinc. The whole of the anti- 
mony is in time deposited on the platinum dish, and being thus concen- 
trated, may be subsequently identified in any way thought fit. 

Organic liquids are boiled with hydrochloric acid ; organic solids 
are extracted with the same acid in the manner described (p. 51); or. if 
the distillation process given at p. 515 can be employed, the antimony 
may he found partly in the distillate, and partly in the retort. In any 
case, antimony in solution may be readily detected in a variety of ways 
— one of the most convenient being to conceutrate on jtin or platinum, 
to dissolve out the antimouial film by sulphide of ammonium, and thus 
produce the very characteristic orange sulphide. 

If a slip of pure tinfoil be suspended for six hours in a solution, 
which should not contain more than one-tenth of its bulk of CIH, and 
exhibit no stain or deposit, it is certain that antimony cannot be present. 
It may also conveniently be deposited on a platinum dish,* by filling the 
•According to Freseniua (Zeitsrhr.f. Anal. Chein.,i., 445). a Bolution which 
contains loico of its weight of antimoDV. treated in this way, gives in two minutea 
a brown stain, and in ten a very notable and strong dark-browyi fllm. When in 
the proportion of 1 to 30.000, the reaction begins to be certain aft«T a quarter of 
an hour; with greater dilution it requires longer time, 1 to 40,000 giving a doab^ 
tal reactioii, and 1 to 50,000 not responding at all to this teet. 
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mue with tha liqnid properly acidulateii, and inserting a rod of Einc; 
the metallic antimony can afterwards be washed, dried, and weighed. 

Reinsch's and Mareh'a testa have been already described (pp. 500 and 
497), and require no further notice. There ia, however, a very beauti- 
ful and delicate means of detecting antimony, which should not be omit- 
ted. It is based ujjon the action of atibine (Sbllj) on sulphur.* When 
this gas ia passed over sulphur, it is decomposed according to equation, 
2SbH,-|-6S=-SbiS,-i-3Sll,, the action taking place slowly in diSused day- 
light, but very rapidly in sunshine. An ordinary flask for the evolution 
of hydrogen (either by galvanic processes or from jdnc and sulphuric 
ttcid), with its funnel and drying-tubea, ia connected with a narrow tube 
having a few fragments of sulphur, kept in place by plugs of cotton 
vool. The whole apparatus is placed in sunshine; if no orange colour 
is produced when the hydrogen has been passing for some time, the 
liqnid to be tested ia poured in gradually through the funnel, and if anti- 
mony should be present, the sulphur acquires adeep orange colour. This 
is distinct even when so small a quantity oa -OOOl grain has been added 
through the funnel. The sulphide of antimony thus mixed with sulphur 
can, if it is thought necessary, be freed from the aujphur by repeated ex- 
haustion with bisulphide of carbon. The stibine does not, however, re- 
present all the antimony introduced, a very large proportion remaining 
in the evolution flask;! hence it cannot be employed 'for quantitative 
purposes. Moreover, the test can, of course, only be conveniently applied 
on sunny days, and is, therefore, in England more adapted for summer.^ 
Oft«in, however, as mentioned elsewhere, when the analyst has no clue 
whatever to the nature of the poison, it is convenient to pass SH,in the 
liqnid to saturation.! In such a case, if antimony is present {either 
alone or in combination with other sulphides), it remains on the filter, 
and ranst be separated and identified as follows : — The sulphides are first 
treated with a solution of carbonate of ammonia, which will dissolve ar- 
senic, if present, and next saturated in nitii with pure sulpliide of sodium, 
which will dissolve out sulphide of antimony, if present. The sulphide 
of antimony will present the chemical characters already described, more 
particularly. 

•See Ernest Jonea on "Stibine." Journ. CTem. Sor., vol. i., 1876. 

IRieckter. Jakredjerirht, 1865, p. 255. 

} The action of salts of caesium with chloride of antimonv might be used as a 
test for the latter, A salt of cfesium givea a. while precipitate with chloride of 
aottmony in concentrated Clll: it contains 30-531 per cent, of antimonv. and cor- 
TcspondB to the formula SbCl.CaCl. Chloride of tin acts Bimilarly.— E. Qodeffroy: 
Baiehte derdetUathen Geseilsehaft . Berlin, 1878. 

gThe solution must not be too acid. 
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(1.) It will evolve SH, when treated -with HCl, and at the e 
time pasa into solution.* 

(2.) The solution evaporated to get rid of free HCl gives with water 
a thick cheesey precipitate of basic chloride of antimony. This may be 
Been if only a drop or two of the solution be taken and tested in a watch- 
glass, 

(3.) If tartaric acid be added to the solution, thia precipitation does 
not occur. 

(4.) The solution from (3) gives an orange precipitate with SH,. 

Such a substance can only be sulphide of antimony. With regard to 
(S), bismuth would act similarly, but under the circumstances could not 
be present for the sulphide of bismuth is insoluble in sodic sulphide, 

Quantilalive Estimation. — The quantitative estimation of antimony 
is best made by some volumetric process — e.g., the sulphide can be dia- 
solved in HCl, some tartrate of soda added, and then carbonate of soda 
to weak alkaline reaction. The strength of the solution of tartarised 
antimony thus obtained can now be estimated by a decinormal solation 
of iodine, the end reaction being indicated by the previous addition of a 
httle starch solution, or by a solution of permanganate of potash, either 
of which should be standardised by the aid of a solution of tartar emetic 
of knowu strength. 

3. CADiinjM. 

Cadmium, Cd^llS; specific gravity, 8'0 to 8-09; fusing point, 
227-8° (442°F.) ; boiling point, 800° {1586°F.) — Cadmium in analysis ia 
seldom separated as a metal, but is estimated either as oxide or sntphide. 

Cadmium Oxide, OdO ^ 138 — cadmium 87'5 per cent,, oxygen 12*5 
per cent. — is a yellowish or reddish-brown powder, non-volatile even at 
a white heat ; insoluble in water, but dissolving in acida. Ignited on 
charcoal, it is reduced to metal, which volatilises, and is then deposited 
again as oxide, giving to the coal a distinct coat of an orange-yellow col- 
our in very thin layers — in thick layers, brown. 

Cadmium SitipMde, CdS <= 144 — Cd 77'7 per cent., S 33-3 per cent. 
— known as a mineral termed Greenockite. When prepared in the wet 
way it is a lemon-yellow powder, which cannot be ignited in hydrogen 
without loss, and is insoluble in water, ttilnte acids, alkalies, alkaline 

• By adding chloride of tin to a solution of chloride of antimonj in BufBcient 
quantity, and passing SO, through the liquid, the whole of the antimony can be 

thrown down as sulphide, whiLtt the tin remains in solution. Thus, 

»SnCl, + 29bCl, + 3S0, + laCIH— Sb,8, -hSSnCl. (-60H,. 
— Federow; Zeitaehrift fUr Chemie, 1860, p. 10. 
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Ktlphides, snlphftte of aodft, and cyanide of potassium. The Bolntion 
must not contain too much hydrochloric acid, for tlio sulphide is readily 
eoluble with separation of sulphur in coucentratod hydrochloric acid. It 
may be di'ied in the ordinary way at 100° without suffering any decom- 
position, 

MedkiHal Preparations. — The Iodide of Cadmium (Cdl,) occurs in 
white, flat, micaceous crystaU, melting at about ilo'S" (ilS-OT.), and 
at a dull read heat giving o5 violet vapour. In solution the salt gives 
the reactions of iodine and cadmium. The B.P. states that 10 gniius 
dissolved in water give a precipitate, which, after being washcti with 
water, and llien with liaif an ounce of solution of ammonium, and dried, 
weighs 1^-5 grains (or 1 grm. gives a silver precipitate weighing 1-^5 
grm.). The ointment of iodide of cadmium {Unguentnm cadmii iodidiy 
contains the iodide in the prox>ortioa of 02 grains to the ounce or 14 per 
cent. 

Cadmium Sulphate is officinal in the German and French phanna- 

iiaa 

Cadmium in the Arts, dc. — Cadmium is used in various alloys. 
The sulphide is found aa a colouring ingredient in certain toilot-Boapa, 
and is much valued by artists as a pigment. The iodide of cadmium is 
employed In photography and an amalgam of metallio cadmium to some 
esttnt in dentistry. 

Fatal Dose of Cadmium. — Although no deaths from the use of cad- 
mium appear to have as yet occurred, its growing use in photography, 
&.C., may lead to accidents. There can be no question about the jMison- 
OHS action of cadmium, for Marm6,* in his experiments on it with ani- 
mals, observed giddiness, vomiting, syncope, difficulty in respiration, 
lo«s of consciousness, and cramps. The amount necessary to destroy life 
can only be gathered from the experimcntson animals, Aatrong hound 
died after the injection of '03 grm. ('4G2 grain) subcutaneously of a salt 
of cadmium ; rabbits are poisoned if from 194 to 38'8 mgrms. ('3 to '6 
grain) are introduced into the stomach. A watery solution of -5 grm. 
(7'5 groins) of the bromide administered to a pigeon caused instant 
deatb, without convulsion ; the same dose of the chloride killed a second 
in six minutes; '35 grm. (385 grains) of sulphite of cadmium 
lAdminiMered to a pigeon excited vomiting, and after two hours diarrhcea ; 
died in eight days. Another pigeon died from a similar dose in four- 
teen days, and cadmium, on analysis, wiia separated from the liver, 
fVim the above cases it would seem probable that 4 grms. (01-7 grains) 
would he a dangerous dose of a soluble »tlt of cadmium for an adult, 
and that in a ease of chronic poisoning it would moat probably bo found 
in the liver. 

•Zeittehr.f. Rationdle 3ftd. voL xxU., p. 1, 1887 
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Separation and Detection of Cadmium. — If cadmium be in Bolation> 
and the solution is not too acid, on the addition of SHs there is precipi- 
tated a yellow sulphide, which is distinguished from antimony and ar- 
fienical sulphides by its insolubility in ammonia and alkaline sulphides. 
Should all three sulj^hides be on the filter (an occurrence which will sel- 
dom, perhaps, never, happen) the sulphide of arsenic can be dissolved 
out by ammonia, the antimony by sulphide of sodium, leaving the sul- 
phide of cadmium as the residue.* 

The further tests of the sulphide are : — 

(1.) It dissolves in dilute nitric acid to a colourless fluid, with sepa- 
ration of sulphur. 

(2.) The solution, filtered and freed from excess of nitric acid by 
evaporation, gives with a solution of ammonio carbonate a white precipi- 
tate of carbonate of cadmium insoluble in excess. This distinguishes it 
from zinc, which gives a similar white precipitate, but is soluble in the 
excess of the precipitant. 

(3.) The carbonate thus obtained, heated on platinum foil, is 
changed into the brown-red non-volatile oxide. 

(4.) The oxide behaves on charcoal as already detailed. 

(5.) A metallic portion can be obtained by melting the oxide with 
cyanide of potassium ; it is between zinc and tin in brilliancy, and 
makes a mark on paper like lead, but not so readily. There are many 
other tests, but the above are conclusive. 

If cadmium in any case be specially searched for in the organs or 
tissues, the latter should be boiled with nitric acid. The acid solution 
is filtered, saturated with caustic potash, evaporated to dryness, and ig- 
nited ; the residue is dissolved in dilute hydrochloric acid, and treated 
after filtration with SH,. Cadmium may also be estimated volumetri- 
cally by digesting the sulphide in a stoppage flask with ferric chloride 
and hydrochloric acid ; the resulting ferrous compound is titrated with 
permanganate, each cc. of a d.n. solution of permanganate — '0056 grm. 
of cadmium. 

*It is umiecessary to state that absence of sulphur is presupposed. 
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1. LEAD. 



Lpad Pb = 207. — Lead ia a well-known blnish-white, Boft metal ; 
fusing point, 335°; specifie gravity, 11 -36. 

Oj^ide of Lead. — The two oxides of lead neccBsary to notice here 
Lriefly are — litharge and minium. 

Litharge, or Oxide of Lead, PbO = 223 ; specific gravity, 9-2 to 
fi-5 — Pb 92-82 per cent., 7-18— ia either in cryatalliue scales, a fused 
uiass, or a powder, varying in colour (according to its mode of prepara- 
tion) from yellow to reddiah-yellow or orange. When prepared below 
the temperature of fusion it is called "Massicot." It may be fused with- 
out alteration in weight ; in a state of fusion it diBsolves silicic acid and 
silicates of the earths. It must not be fused in platinum vessels. 

Minium, or lied Lead, 2PbO, PbO,; specific gravity 9-08, is a com- 
pound of protoxide of lead with the dioxide. It is of a brilliant red 
■colour, much used in the arts, and especially in the preparation of flint- 
glasa. 

Sulphide of Lead, PbS=339 ; Pb 86-61 per cent.; 8 13-39 per cent., 
occnrriog in the usual way, ia a black precipitate insoluble in water, 
dilate acids, alkalies, and alkaline sulphides. It dissolves in strong ni- 
tric acid with a Bejiaration of sulphur, and in strong hydrochloric acid, 
with evolution of Sfl,. Fuming nitric acid does not separate sulphur, 
but converts the sulphide into sulphate, 

Sulphate of Lead, PhSO, = 303 ; specific gravity, 6-3 ; PbO 73-61 
per cent., SO, 2639 per cent.; when produced artificiallv is a heavy 
white powder, of great insolubility in water, 22,800 parts of cold water 
dissolving only one of lead aulphate ; and if the water contains sulphuric 
acid, no less than 36,500 parts of water are required. The salts of am- 
monia (especially the acetate and tartrate) dissolve the sulphate, and it 
ia also solnble in hyposulphite of soda. The sulphate can be readily 
cliaoged into the carbonate of lead, by boiling it with aolutiona of the 
alkaline carbonates. The sulphate of lead, fused with cyanide of potas- 
aium, yields metallic lead ; it maybe also reduced on charcoal, and alone 
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it may be fused without decomposition, provided reducing gases are 
cludod. 

Acetate of Lead, Sugar of Lead Pb(C,HiO,),30H^ u foimd in com- 
merce in white, spongy maaaes composed of acicnlRT crystals. It may, 
however, be obtained ia flat four-sided prisms. It has a sweet metallic 
taste, is soluble iu water, and reaponda to the usual tests for lead. The 
P. B. directs that 38 grains dissolved in water, require, for complete pre- 
cipitation, 200 grain measures of the volumetric solution of oxalic acid, 
corresponding to 23-3 griiina of oxide of lead. 

Chloride of Lead, PbCl,=278 ; specific gravity, 5'8— Pb 74-48 per 
cent., 01 25-53 per cent. ; is in the form of brilliant crystalline needles. 
It ia very insoluble in cold water containing hydrochloric or nitric acids. 
According to Bischof, 1635 parts of water containing nitric acid diaeolva 
one part only of chloride of lead. It is insoluble in absolute alcohol, 
and sparingly in alcohol of 70 to 80 per cent. It fuses below red heat 
without losing weight ; at higher temperatures it may be decomposed. 

Carbonate of Lead. — The commercial carbouate of lead (according; 
to the recent very exhaustive researches of Wigner and Harland") is 
composed of a mixture of neutral carbonate of Icati and hydrate of lead, 
the best mixture being 25 per cent, of hydrate, corresponding to an. 
actual percentage of 13'3 per cent of carbonic acid, The nearer the mix- 
ture approximates to thia composition the better the paint ; whilst 
samples containing as much as 16'33 per cent,, or as little as 10'39 per 
oent., of COb are practically useless. 

Preparations of Lead used in Medicine, the Arts, dec. 

{!,) Pharmaceutical: — 

Lead Plaster (Emplastrum plumhi) is simply a lead eoap in which 
the lead is combined with oleic and margaric acids. 

Lead Iodide, Pbl„ ia contained in the Emplastrum plnmbi iodidi^ 
to the extent. of 30 per cent., and in the Unguenlum plumbi iodidi to 
the extent of about 11-4 per cent. 

Acetate of Lead is contained in a pill, a suppository, and an oint- 
ment. The pill, Pilula plumbicum opio, contains 7-1 per cent, of lead 
aoetate, and 12'5 per cent of opium, the rest confection of roaea. The 
suppository {Suppositorta phibi composiia) contains 20 per cent, of ace- 
tato of lead, and 10 per cent, of opium, mixed with oil of theohroma. 

I white wax, and henzoated lard. The ointment {Unguentum plumbi 
acetatis) contains 24 per cent, of lead acetate, mixed with benzoated 
; 



lard. 

The solution of snbacetate of lead (Liquor plumbi subacetatia) is 

" " On the Composition of Commercial Samples of White Lead," by G. W. 
"Wigner and H. H. Harland.— .4 jwij/sf, 1977, p. 2iJ8. 
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the subacetate, Pb(C»HjO,)tPbO, dissolved in water. The P. B. states ' 
that 4133 grains by veight (6 fluid drachms) require for perfect precipi- 
tation 810 grain measares of th« volumetric solution of oxalic acid, cor- 
responding to about 30 grains of lead, Iii other worda, the solution must 
contain at least S'l per cent, of oxide of lead. 

A dilute solution of the stronger, under the namo of Liquor j>lumbi 
subacclalis iHlutus, and commonly called Goulard water, ia prepared by 
mixing 1-25 part (by volume) of the solution, and 1*25 part of spirit, and 
making up to 100 parts with distilled water. 

There is an ointment, called the Compound Ointment of auiacetate 
of had, which contains the subacetate in about tlie proportion of 3 per 
cent, of the oxide, the other constituents being camphor, white wax, 
and almond oil. 
Lh Carbonate of Lead. — The ointment ( Unijuentum plumU carbonafis) 

^^Kvhould contain about 11 '4 per cent, of the carbonate, and the rest simple 
^■^ omtment. 
' (2.) Quack Nostrunu, £c. : — 

The ijuack medicines comjiosed of lead are not very numerous. 
Ijebert's Cosmetujue Infallible is said to have for its basis nitrate of 
lead. 

One of ''AH Ahmed's Treasures of the Desert," viz., the antiseptic 
malagma, is a plaster made up of lead plaster 37*5 per cent., frankin* 
cense 85 per cent., salad oil 25 per cent., beeswax 12'5 per cent. 

Lewie' Silver Cream contains white precipitate and a salt of lead. 
Qmlard'e Balsam is made by triturating acetate of lead with hot oil 
of turpentine 

There are various ointments in use made up of litharge. Soma 
herbalists in the country (from eases that have come under the writer'a 
own knowledge) apply tocancerous ulcers, &c., a linimeutof linseed and 
other common oils mixed with litharge and acetate of lead. 

Acetate of lead may also be found as a constituent of various eye- 
■M mterg. 

^^K (3.) Preparations of Lead used in the Arts, t&c. : — 
^^ Ledoyen's Disinfectini) Fluid has for its basis nitrate of lead. 

In various hair-dyes the following are all used : — Litharge, lime> 
and starch ; lime and carbonate of lead : lime and acetate of lead ; lith- 
aige, lime, and |)otas8ic bicarbonate. The detection of lead in the hair 

Ithns treated is extremely easy ; it may be dissolved out by dilute nitric 
Reid. 
Lead Pigments. — The principal pigments of lead are white, yellow* 



White Pigments :- 
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WJiiie Lead, Flake White Ctrme, Mineral White, are flo many dif- 
ferent names for the carbonate of lead already deacribed. 

Newcaslle White is white lead made with molasses vinegar. 

JVotlingham Wfiite. — White lead made with alegar (sour ale), often, 
however, replaced by permanent white, i. e., sulphate of baryta. 

Miniature Painters' White, WTiite Precipitate of Lead, is simply 
lead sulphate. 

Pattixon's White is an oxyohloride of lead, PbCliPbO, 

Yellow Pignients : — 

Chrome Yellow may be a fairly pure cliromate of lead, or it may be 
mixed with sulphates of lead, barium, and calcium. The pigment known 
as " Cologne yellow," consists of 25 parts of lead chromate, 15 of lead 
eulphate, and 60 of calcic sulphate. The easiest method of analysing 
chrome yellow is to extract with boiling hydrochloric acid in the presence 
of alcohol, which dissolves the chromium as chloride, and leaves undis- 
solved chloride of lead, sulphate of lead, and other substances insoluble 
in CIH. Every grain of chromate of lead should yield 0'24 grain of 
oxide of chromium, and 0'4 grain of chloride of lead. 

Turner's Yellow, Casella Yellow, Patent Yellow, is an oxychloride 
of lead {HbCl,7PbO) extremely fusible. 

Dutch Pink sometimes contains white lead. 

Red Pigments : — ^^ 

Chrome Red is a bichromate of load. ^^B 

Red Lead or Minium is the red oxide of lead. ^^M 

Orange Red is an oxide ijrejtared by calcining the carbonate. ^^l 

The chief preparations of lead which may be met with in the arts, 
ill addition to the oxides and the carbonate, are — 

The N^iirafe of Lead, much used in calico-printing. 

The Pgrolignile of Lead, which is an impure acetate used in dye- 
ing ; and 

The Sulphate of Lead ie a by-product in the preparation of acetate 
of aluminium for dyeing. 

The alloys containing lead are extremely nnmerons ; but, according 
to the experiments of Knapp.* the small quantity of lead in those used 
for hoosehold purposes has no hygienic importance. 

Lead as a Poison. — In the five years ending 1880, there were regis- 
tered 334 deaths from lead poisoning in England (255 males and 69 fe- 
males). This is about 30 per raut, of the deaths from all poisons. Only 
one of the 324 was accidental, and none wore criminal. All the com- 
pounds of lead are said to be poisonous ; bat this statement cannot be 



* Dingt. Polgtech. Journ., vol. i 
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regarded as entirely correct, for the sulphocyanide has been proved by 1 
experiment not to be so,* and the sulphide is probiihly iuat^tive. lu the 1 
treatment of cases of lead poisuning, however, the Bowers of suiphurl 
given internally appear to be Buccesafiii. t 

Lead poisoniug, either in its obscure form (producing uric acid iul 
the blood, and, as a consctiucnce, indigestion and other evils), or iu the^ 
acute form (aa lead colic and various nervous aSections), is most fre- 
quent among those who are habitually exposed to the influence of the 
metal in its different prepuratious — viz., workers of lead, houae-paintera, 
artists, gilders, workers of arsenic, workers of gold, calico-printers, col- 
oarists, typc-foundora, type-aettera, shot- founders, jiotters, faience mak— ] 
era, braziers, and many othera.t Recently, in the'white lead factortasl 
iu Loudon, so large a number of the employes sufEered from poisoninjf I 
that it has been one of the moat commou maladies to be seen in certain I 
east-end hospitals and infirmaries, and has excited the attention of th» 1 
Government (1883). 

I<ead, again, has been found by the analyst in most of the ordinary I 
foods, such as flour, bread, beer, cider, winea, spirits, tea, vinegar, sugar, f 
confectionery, &c., as well as in numerous druga, eapecially those manu- I 
factnred by the aid of sulphuric acid (the latter nearly always containing 
lead), and thoae salts or chemical products which (like citric and tartaric 
acida) are crystallised in leaden pans. Hence it follows that in almost 
everything eaten or drunk the analyst, as a matter of routine, tests for 
lead. The channels through which it may enter into the system are, 
however, so perfectly familiar to practical chemists, that a few unusual 
instances of lead -poisoning only need be quoted here. 

A cabman suffered from lead colic, traced to his taking the first glasv 1 
of beer every morning at a certain public house ; the beer standing in th« 1 
pipes all night, as proved by analysis, was strongly impregnated witll 1 
lesd.g 

The employment of red lead for repairing the joints of steam pipet I 
has before now caused poisonous aymptoms from volatiliaation of lead.| f 
The use of old painted wood in a baker'a oven, and aubsequently adher* 1 

»*EuIenberg, Oewerbe Uygiine. p. 713. 
t Mohr'B Toxoeologie, p. 78. 
{ The att«ntioD which the use of lead in the arta baa always excited is evi- 
dent from the fact that one of the oldest works on Trade Hygiene (by Stockhau- 
aen) is entitled, De UthargjpHi fumo nixrio, niftrbijleo ejws^ue metallieo frtqitentiori 
morlio ttitgo ditto MMenkatze. Qafiiar, 1556. 
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«uce of the oxide of lead to tlie oateide of the loaTcs, lias re 
tlie illnesa of aixty-sis people. * 

Seven persona became affected with lead poisoning through horse- 
hair coloured with lead-f 

The maaufacture ot American overland cloth creates a white-lead duatj 
which has caused serious symptoms among the workmen (Dr. O. John- 
son). The cleaning of pewter pota.J the handling of vulcanised rabljer,§ 
the wrapping up of various foods in tin foil,|| and the fingering of lead 
counters covered with brine by fishmongersj have all caused accidents in 
men. 

The lead in glass, though in the form of an insoluble sihcate, is said 
to have been dissolved by vinegar and other acid fluids to a dangerous 
extent. This, however, is hardly well established, •] 

affects of Lead Compounds on Animals. — Ortila and the older school 
of toxicologista made a namber of experiments on the action of sugar of 
lead and other compounds, but they are of little value for elucidating the 
physiological or toxic action of lead, because they were, for the most 
part, made under unnatural conditions, the gullet being ligatured to 
avoid expulsion of the salt by vomiting. One of the latest experiment- 
ers is Harnack, who, in order to avoid the local and corrosive effects of 
Bugar of lead, used an organic compound— viz., ])lumbic triethyl ace- 
tate, which has no local action. Frogs exhibited symptoms after subcu- 
taneous doses of from 8 to 3 mgrms,, rabbits after 40 mgrms. ; there WM 
increased peristaltic action of the intestines, with spasmodic contraction 
rising to colic, very often diarrhtea and death followed through heart 
paralysis. Doga given the ethyl compound exhibited nervous symptoms 
like chorea. Guaserno** has also made experimenta on animals as to the 
«ffectB of lead, using lead phosphate, and giving from 1-3 grm. to a rab- 
bit and a dog daily. Eoseuateinft and Heubeltt used small doses of ace- 
tate, the latter giving dogs daily from -2 to -5 grm. The results arrived 
at by Gussemo were, mainly, that the animals became emaciated, shiv- 
ered, and had some paralysis of the hinder extremities; while Eosenstein 
observed towards the end epileptiform convulsions, and Heubel alone saw, 
• Annates dSygiine. fHitaig, "Studien flber Bleivergiftung." 

tMed. Qaxette, xlviU. 1047. %Pharm. Jtmm. 1870, p,4aft. 
(Taylor, "Prin. Med. JnriBprud.," I. 

; Buchner'i 



IT See Aertzl. Inldligtnihi. f. Baiern. Jahrg., : 
i. xbt., p. I; Med. CerafrW., Jahrg., 1860, p. 40. 
••Tirchow'B/IreWu/.BifA. Anat..xo\. xii..p. 448, 
ft 76. , vol. xxiii. , pp. 1 and 74. 
XX Pathogejieae U. Symptome der thronisrhen B'.eh-crgiftui 
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in a few of his cases, colic. A considerable nnmber of cattle have been 
poisoned from time to time with lead, and one instance of this fell under 
my own observation. A pasture had been manured with refuee from a 
plumber's yard, and pieces of paint were in this way strewn about the 
field in every direction ; a herd of fifteen young cattle were placed in the 
field, and in two or three days they all, without exception, began rapidly 
to lose condition, and to show peculiar symptoms — diarrhcea, loss of up- 
petite; in two, blindness, the retina presenting uu appearance not unlike 
that seen in Bright's disease ; in three, a sort of delirium. Four died, 
and ehowed on post-mortem examination granular conditions of the kid- 
neys, which was the most striking change observable. In the fatal cases, 
paralysis of the hind extremities, coma, and convulsions preceded death. 
In another case* seven cows and a bull died from eating lead paint ; the 
symptoms were loss of appetite, obstinate constipation, suspension of ru- 
mination, dry muffle, quick breathing, and coma, In other cases a marked 
eymptom has been paralysis. Cattle \ have also several times been pois- 
oned from eating grass which has been splashed by the spray from bul- 
lets, as in pastures in the vicinity of rifle butts ; liere we must allow that 
the intestinal juices have dissolved the metal, and transformed it into 
compounds capable of being taken into the system. 

Effects of Lead Compouttds on Man — Acute Poisoning, — Acnle poi- 
soning by preparations of lead is not common, and, when it does occur, 
is seldom fataL With regard to the common acetate, it would seem 
that a large single dose is less likely to destroy life than smaller quan- 
tities given in divided doses for a considerable period. The symptoma 
produced by a considerable dose of sugar of lead usually commence 
within a few minutes ; there is immediately a metallic taste, with burn- 
ing, and a sensation of great dryness in the mouth and throat ; vomiting, 
which occurs usually within fifteen minutes, is in very rare cases delayed 
from one to two hours. The retching and vomiting are very obstinate, 
and continne for a long time ; the matters thrown ap are sometimes 
streaked with blood : there is pain in the abdomen of a colicky charac- 
ter — a pain relieved by pressure. The bowels are, as a rule, constipated, 
but occasionally relaxed. The stools at a later date are black from the 
presence of lead salphide. The urine, as a rale, is diminished. The 
breath has a fool odour, and the tongue is coated ; the skin is dry, and 
the pulse small and frequent, The full development of the toxic actiou 
a completed by the appearance of various nervous phenomena — head- 
ihe, shooting pains in the limbs, cramps in the legs, and local numb- 

I *8ee a paper hy Professor Tuaon, Veterinarian, vol. xxxvili., 1861, 

I fJ6„ also Taylor. Oj)M(. 
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ness. All the symptoma enumerated are not present in each caee ; tha 
tQost constant are the Tomitiug aotl the colic. If the sufferer ia to die, 
death occurs about the second or third day. If the patient recovers, 
convalescence may be much retarded, as shown in the case of two girls,* 
who had each swallowed an ounce of lead acetate by mistake, and who 
suffered even after the lapse of a year from pain and tenderness in the 
stomach and sickness. 

There are " mass- poisonings " by acetate of lead on record, which 
aSord considerable insight into the varying action of this salt on dif- 
ferent individuals. A case {e-g.) occurred at Stoarbridge in 18'10,f in 
which no less than 500 people were poisoned by thirty pouuds of lead 
acetate being accidentally mixod with eighty sacks of flour at a miller's. 
The symptoms commenced after a few days ; constriction of the throat, 
cramping and twisting pains round the umbilicus, rigidity of the abdom- 
inal muscles, dragging pains at the loins, cramps and paralysis of the 
lower estremitiea. There was obstinate constipation ; the urine was 
scanty and of a deep red colour, and the secretions were generally arrest- 
ed ; the pulse was alow and feeble ; the countenance depressed, often 
livid ; and the gums showed the usual blue line. The temperature of 
the skin was low. lu only a few cases was there sickness, and in these 
it soon ceased. It is curious that not one of the 500 cases proved fatal, 
although some of the victims were extremely ill, and their condition 
alarming. It was specially observed that, after apparent convalescence, 
the symptoms without any obvious cause suddenly returned, and thia 
even in a more aggravated form. Remittance of this kind is of medico- 
legal import ; it might, for example, be wrongly inferred that a fresh 
dose had been taken. In the 500 cases, there were no inflammatory 
symptoms ; complete recovery took some time. On examining the bread 
the poison was found so unequally distributed that no idea could bo 
formed as to the actual amount taken. 

There is also recorded J an outbreak of lead poisoning among 150 
men of the 7th Infantry at Tione, in the Sonthern Tyrol. One case 
proved fatal, forty-five required treatment in hospital. The symptoms 
were pallor, a blue line in the gums, metallic taste in the mouth, a pe- 
culiar odour of the hreath, a loaded tongue with a bluish tint, obstinate 
constipalion with loss of appetite ; whilst all complained, in addition, 
of dragging of the limbs and of the muscles of the cheat, and difficulty 
of breathing. In the severer cases there were tetanic spasms, muacular 
tremors, and anaesthesia of the fingers and toes. The pnlse and tempei- 

• Prof. Sled. Jourwxl, 1846. 

t Recorded by Mr. Baocks, Lancet. May 5, 1848, p. 4T8. 

t KOnigachmied, Centralbl. AUg. f&r Oeatmdheitgpflege, 2 Jahrg., Heft. 1. 
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atare were noroial, save iti a few cases in wbich there were fever and 
sweats at night. In none was (here colic, but the coastipation was obsti- 
nate. In two of the worst cases there was strangury. Acute cases occur 
occasionally from poisoning by /Ae r.a?-bonale of lead. Dr. Snow rocordtd 
an instance (in 1844) of a child who had euteu a piece as big as a mar- 
ble, ground up with oil. For three days the child auflered from pain in 
the abdomen and vomiting, and died ninety hours after taking the poi- 
son. In another case, in which a young man took from 19 to 20 grma. 
of lead carbonate in mistake for chalk as a remedy for heartburn, the 
i^rmptoms of vomiting, pain in the stomach, Ac, commenced after a few 
hours ; but, under treatment with magnetic snlphate, he recovered. 

The ehromale of lead is still more poisonous (see Art. " Chromium." 

CJironic Poiioniiiff by Lead. — Chronic poisoning by lead — often 
cansed by strange and unsuspected channels, more frequently an inci- 
dent, nay, almost a necessity of certain trades, and occasionally induced 
by a cunning criminal for the purpose of simulating natural disease — is 
of great toxicological and hygienic importance. In the white lead trade 
it is, as might be expected, most frequently witnessed ; but also in all 
occupations which involve the daily use of lead in almost any shape. 
The chief signs of chronic poisoning are those of general JU-heftlth ; 
the digestion is disturbed, the appetite lessened, the bowels obstinately 
confined, the akin assumes a peculiar yellowish hue, and sometimes the 
sufferer is jaundiced. The gums show a black line from two to three 
IIne« in breadth, which microscopical examination and chemical tests 
alike show to be composed of sulphide of lead ; occasionally the teeth 
turn black. The pulse is slow, and all secretions are diminished. Preg- 
nant women have a tendency to abort. There are also special symptoms, 
one of the most prominent of which is often lead colic. 

Inl42 cases of lead-poisoning, treated between 1852 and 1862 at the 
Jacob's Hospital, Leipzig, forty-four patients (or about 31 percent.) suf- 
fered from colic. Arthralgia — that is, pains in the joints — is also very 
common ; it seldom occurs alone, but in combination with other symp- 
toms. Thus in seventy-five cases of lead-arthralgia treated at Jacob's 
Hospital, in only seven were pain in the joints without other compli- 
cations, fifty-six being accompanied by colic, five by paralysis, and seven by 
other affections of the nervous system. The total percentage of cases of 
lead poisoning, in which arthralgia occurs, varies from 33 to 57 i>er cent. 

Paralysis in some form or other, Tanqueril found in 5 to 8 per cent, 
the cases, and noticed that it occurred as early as the third day after 
irking in lead. The muscles affected are usually those of the npper 
eitremity, then the legs, and still more rarely the muscles of the trunk. 
It is only exceptionally that the paralysis extends over an entire limb ; 
it more usually affects a mnscular group, or even .a single muscle. Its 
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common seat is the extensora of the hand and flngera ; hence the exprea- 
aion " dropped-wriat," for tha hands droop, and oceaaionally the triceps 
and the deltoid aro affected. The paralysis ia usually symmetrical on 
both sides. Although the extensors are effected most, the flexors near- 
ly always participate, and a careful investigation will show that they are 
weakened. K the paralysis continues, there is a wasting and degenera- 
tion of the muscle, but this is seen in pamlyais from any cause. The 
muscular affection muy cause deformities in the hands, Bhoulders, &c. 
AntBsthesia of portions of the skin is generally present in a greater or less 
degree. A complete analgesia affecting the whole body has been noticed 
to such an extent, that there was absolute insensibility to bums or 
punctures; but it is usually confined to the right half of the body, and 
is especially intense in the right hand and wrist. 

The older writers recognised the toxic effect of lead on the ner- 
vous system. Thus Dioscorides speaks of delirium produced by lead, 
Aretaeus of epilepsy, and Paul of jEgina refers to it ia a factor of epilepsy 
and convulsions. But in 1830, Tanqueril first definitely described the 
production of a mental disease, which he called " lead encephalopatJty." 
This he divided into four forms — (1) A delirious form ; (3) a comatose; 
(3) a convulsive ; and (4) n combined form, comprising the delirious, 
convulsive, and comatose. Dr, Henry Rityner,* and a few other English 
alienists, have recently directed their attention to this question ; and, ac- 
conding to Dr. Rayner s researches, the number of male patients admit- 
ted into Hanwell Asylum, engaged in trades such as plumbing, painting, 
and the like, is larger in proportion to the number admitted from other 
trades than it should be, compared with the proportion of the various 
trades in the county of Middlesex, as ascertained from the census of 1871. 
Putting aside coarse lead poisoning, which may occasionally produce 
acute mania, the insanity produced by prolonged minute lead intoxica- 
tions possesses some peculiar features. It develops slowly, and in nearly 
all cases there are illusions nf the senses, of hearing, taste, or smell, and 
especially of sight. Thus, in one of Dr. Hayuer's cases the patJeat saw 
round him " wind-bags blown out to look like men," apparitions which 
made remarks to him, and generally worried him. Besides this form, 
there ia also another which closely resembles general paralysis, and, in 
the absence of the history, might be mistaken for it. 

The degenerative influence on the organ of sight is shown in six of 
Dr. Robertson's patients, whose insanity was ascribed to lead — four of 
the six were either totally or partialty blind. 

•See an important paper, " Insanity from Lead PoJBoning." by Dre. H. Hay- 
ner, Robertson. Savage, and Atkinn. Johi-ii. nf Menial Sfience, vol. xivL, p. 823; 
alsoa paper hy Dr. haxXoa, AUgimeine ZcitachriftfiiT Piiydhiatrie,'SA. : 



M 



The amanroBia haa been known to come on stiidenly, and after a 
Tery brief exposure to leml — e.g., a man, thirty-four yoara of age, after 
^working for three days in a white lend factory, was seized with intense 
•ciliary neuralgia, had pains in his Umba and ByroptomB of lead poison- 
ing, and the right eye became amanrotic* This form of impairment or 
los3 of vision is different from the Retinitis albuminurica,\ which may 
also be produced as a secondary effect of the poison; the kidneys in such 
<:ases being profoundly affected. 

Eulenberg speaks of the sexual functions being weakened, leading 
to more or less impotence. 

Lewy,J in 1186 patients suffering from lead poisoning, has found 
caries or necrosis in twenty-two cases, or about 1 ^S per cent. ; fifteen were 
carious affections of the upper jaw, four of the fore-arm, two of the 
thigh, and one of tlie rib and sternum. Epilepsy and epileptiform con- 
Tiiisiona occur in a few cases ; it is very possible that the epilepsy may be 
^ init of the uremic poisoning induced by diseased kidneys. 

Lead taken fora long time causes tbe blood to be impregnated with 
acid. In one Imndred and thirty-six coses of undoubted gout, 18 
per cent, of the patients were found to follow lead occupations, and pre- 
sented signs of lead impregnation. § 

There are some facts on record which would seem to conntenance the 
belief that disease primarily caused by an inorganic body like lead may 
be transmitted. M. Paul (e. g.) has related the history of the offspring 
(thirty-two in number) of seven inen, who were suffering from lead poi- 
soning — eleven were prematurely horn and one still-born ; of the remain- 
ing twenty, eight died in the first year, four in the second, and five in the 
third year, so that of the whole thirty-two, only three survived three years. 
The influence of the poison on pregnimt women is, indeed, very de- 
leterious. M, Paul noted that in four women who were habitually ex- 
posed to the influence of lead, and had fifteen pregnancies, ten termi- 
nated by abortion, two by premature confinement, three went the full 
terra, but one of the three children was born dead, a second only lived 
twenty-hoars ; so that, out of the whole fifteen, one only lived fnlly. In 
anotherobscrvationofM. Paul's, five women had two natural confinements 
before being exposed to lead. After exposure, the history of the thirty- 

■Samelsohn Monatsbl.f. Auaenheilk. . vol. xL, p. 24B, 1ST3. See also a case 
«t lead amaurosis, described hj Mr. W. Holder, Pliarm. Jonrnal, Oct. 14. 1878. 
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BIX pregnancies of these women is as follows ; — There were twenty-8ii 
abortions {from two to five mouths), oue premature coDfiaement, two in- 
fanta born dead, and five born alive, four of whom died in the first year. 

Chronic poisoning maybe nearly always aceounled for by the inhal- 
ing of lead dust, or by tlio actual swallowing of some form of lead ; but, 
if we are to accept the fact narrated by thu late Dr. Taylor — viz., that 
he himself had an attack of lead colic from sitting in a room for a few 
hours daily, in which there was a largo canvas covered with white lead 
and drying oil, and one or two similar cases,* we must allow that. 
there is some subtle volatile organic compound of lead evolved. In the 
present state of our knowledge, it seems more reasonable to account for 
Buch cases, by the suggestion that lead has entered the system by sn un- 
suspected channel. 

In 1883, a very interesting case occurred at Keighley, in which a me- 
chanic, aged forty-two, died from the supposed effects of lead poisoning, 
induced from drinking the town water, which was proved by Mr. Allen 
to contain about | of a grain of lead per gallon. For six months ho hml 
been out of health, and a week before his death he suffered from colic, 
vomiting, constipation, and a blue lino round the gums, and occasional 
epileptiform seizures. After death the kidneys wera found granular, and 
the heart somewhat enlarged. The viscera were submitted to Mr. Allen for 
analysis ; no lead was found in the heart or brain, a slight non-estimable 
trace in the kidneys, and about a grain was separated from the liver and 
spleen. Dr. Tidy, who was called in as an expert, gave a very guarded 
optnion, rather against the theory of direct lead poisoning ; and the ver- 
dict returned by the jury was to the effect that the deoeased died from 
granular kidney, accelerated by lead poisoning. Murder by the admin- 
istration of doses of sugar of lead is rare, but such a case occurred re- 
cently. 

At the Central Criminal Court, in December, 1882, LouisaJane Tay- 
lor, waa indicted for poisoning Mary Ann Tregillia at Plumbstead, and 
convicted. From the evidence it appeared that the prisoner, who was 
thirty-siJ years of age, came to reside with Mr. andMrs, Tregillis, an aged 
couple of eighty-five and eighty-one years respectively. The prisoner 
was proved to have purchased at different times au ounce and half an 
ounce of sugar of lead, and to have added a white powder to the medicine 
of Mrs. Tregillis. The illness of the latter extended from about August 
23 to October 23 — a period of two months. It is difficult to say when 
the first dose could have been given, but it was probably some time be- 
*Tbe gate-keeper of a graveyard at Bordeaux continually used the remnants 
of creases, covered with lead paint, to replenish his flre ; the chimnev smoked: 
pradnally parolyaiH of the extensors of the wrist developed itself, and he sufferet) 
irom colio and other mgas of lead poisoning. — Marmieae. &az. det ESpit. . No. 21 
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Q August 13 and 23, while the administration, mthont doubt, ceased 
■OQ or before October fi, for on tliut date different nursing arrangemcutB 
were made. The symptoms observed were nausea, vomiting, pain in the 
pit of the atomach, burning in the throat, very dark t«etb, & blue line 
xound tlie gunid, and slight janndiue. There was great muscular weak- 
ness, with trembling of the hands, and a week before death there was 
paralysis of the right side. 

Lead was discovered in moat of the viscera, which were in great part 
normal, but the kidneys were wasted, and the mucous membrane black- 
«ned. The actual quantity of lead recovered by analysis was small — 
\iz., IG'i gmis, (^ grain) from the liver ; from 8 ounces of brain, 3'2 
mgrma. {^ grain); from half of the stomach, 16-2 mgrms. {% grain); 
and from the spleen, the kidneys, and the lungs, small quantities. It is, 
therefore, probable that, if the whole body had been operated upon, the 
jield would have been more than "15 grm. (a little over 2 grains); but 
then, it must be remembered that the deceived lived, at least, seventeen 
<la78 after the last dose. 

Posl-mortem Appearances. — In acute cases of poisoning by the ace- 
tate, there may sometimes be found a slight inflammatory appearance of 
the mucoua membrane of the stomach and intestines. Urfila considers 
that streaks of white points adherent to the mucous membrane were 
pathognomonic ; but there have been several cases in which only nega- 
tive or doubtful signs of inflammatory or other action have presented 
themselves. As a rule, no unabsorbed poison will be found in the stom- 
ach ; the ease related by Christison, in which a person died on the third 
day after taking at a single dose some large quantity of acetate of lead j 
and at the autopsy a fluid was obtained from the atomach, which had a 
jweet metallic taste, on evaporation smelt of acetic acid, and from which 
metallic lead was obtained — is so very extraordinary in every respect, 
that its entire accuracy is to be questioned. In death from chronic lead 
poisoning, there is but little that can be called diagnostic ; a granular con- 
dition of the kidneys and all the pathological changes dependent on mich 
« condition, arc most frequently seen. If the patient has suffered from 
colic, a constriction of portions of the intestine has been noticed ; also, 
in cases iu which there has been long-standing paralysis of groujis of 
muscles, these muscles are wasted, and possibly degenerated. In in- 
stances, again, in which lead has induced gout, the pathological changes 
dependent upon gout will be prominent. The blue line aronnd the 
gums, and sometimes a coloration by sulphide of lead of portions of the 
intestines, may help a proper interpretation of the appearances seen after 
death ; but all who have given any attention to the subject will agree 
that, simply from pathological evidence, it is imposaible to diagnose 
chronic lead poisoning. 
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Physiological Action of Lead. — The action of lead is still obscure, 
but it ia considered to have an effect mainly on the nervous centres. 
The paralysed muscles respond to the direct current, but not to the in- 
duced, leading to the Huapicion that the intramuBcular terminations of 
the ucrves are paralysed, but that the muscular substance itself is iiu- 
attacked. On the other baud, the restriction of the action to groups of 
muscles, supports the theory of central action. 

The lead colic is due to a true spasmodic constriction of the bowel, 
the exciting cause of which lies in the walls of the bowel itself ; the relief 
given by pressure is explained by the pressure causing an antemia of the 
intestinal walls, and thus lessening their sensibility. The slowing of the 
pulse produced by small doses is explained as due to a stimulation of the 
inhibitory nerves ; and, lastly, many nervous phenomena, such as epilepsy, 
&e., are in part due to imperfect elimimition of the urinary excreta,, 
causing similar conditions to those observed in unemla. 

Elimination of Lead. — When a largt,! dose of acetate or carbonate is 
taken, part is transformed into more or leas insoluble compounds — some, 
organic, others inorganic ; so that a great portion is not absorbed into 
the body at all, but passes into the intestines, where, meeting with hy- 
dric sulphide, part is changed into sulphide, colouring the aloine evacQ- 
ations black. Some of the lead which is absorbed is excreted by the- 
kidneya, but the search often yields only traces. Thudichum* statea 
that in fourteen cases of lead poisoning, in two only was obtained a 
weighable quantity from a day's urine ; in the remaining twelve lead was- 
detected, but only by the brownish colour produced in an acid solution of 
the ash by hydric sulphide. 

The elimination of lead by the kidneys is favoured by certain medi- 
cines, such, for example, as potasaic iodide. Annuschat found in dogs, 
poisoned by lead from 38 to 4-1 mgrms. in 100 cc; bat, after doses of 
potassic iodide, the content of lead rose to 6'9 and even to 14 mgrms. 

Fatal Dose— {a.) Sugar of Lead. — It may almost be said that it is 
impossible to destroy human life with any single dose likely to be takea 
or administered. In three cases an ounce {28'3 grms.) has been taken, 
without fatal result. Although it must bo allowed that repeated mode- 
rate doses, extending over some time, are more dangerous to health and 
life than a single large dose, yet there seems to be in some individuals &. 
great tolerance of lead. Christison has given "IS grm. in divided doses- 
daily for a long time without any bad effect, save the production of a 
slight colic, Swieten as also given daily 3-9 grms, (60 grains) in ten 
days without observing toxic effects. That, in other cases, less than a 
grain per gallon of some lead compound dissolved in drinking watar^^c,, 

• Pathology of the Vrine, p. 550. ^^H 
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in some way introduced into the economy, causoH serious illness, is most 
inesp!t<j!ible. 

{6. ) The Basic Acefaie in aohition is more poisonous apparently than 
the acetate — GO cc, (IJ^ drms.) have caused serious ajmploms. 

(c.) 27ie Carbonale of Lead. — Doses of anythiug like 28 gi'ms. (an 
oiince) would probably be very dangerous to an adult ; the only case of 
death on record is that of a child who took some unknown quantity, 
probably from the description of the size of the lump, about 10 grms. 
(aj^drms.). 

AiditloUx aiid Treatment. — Soluble sulphates (especially maguesic 
sulphate) have been given largely in both acute and chronic cases ; in 
the acute it stands to reason that it is well to ensure the presence of 
plenty o^ sulphates in the stomach and intestines, in order to form the 
sparingly soluble lead sulphate, should any residue remain ; but to ex- 
pect this double decomposition to go on in the blood and tissues is not 
Imsed upon sound observation. The chronic lead poisoning is beat treat- 
ed by removal from the source of mischief, the administration of large 
quantities of distilled water, and medicinal doses of potassic iodide. 

Localigalion of Lead. — In a dog, which was killed by chronic lead 
poisoning, Heuhel found in the bones -03 to "03 per cent, of lead : in the 
kidneys, -01 to -02 ; liver, -01 to -03 ; brain, "004 to -01 ; muscles. "001 to 
•003 ; in the intestines traces -002 ; in the spleen, the blood, and the bile, 
lie also only found traces. If, however, the percentage he calculated on 
dry substance, they would come out somewhat as follows i — 



Kidney, 
MuBcles, 



> -10 per cent. 



It is of no value to search the blood for lead, for, although Tiede- 
Aann, Gmehn, Lassaigne, Chevallier, and others have frequently done 
eo, only traces have been found. It nevertheless is taken up by the 
blood, and forma with organic bodies compounds soluble with difficulty. 

Without going so far as to say that lead is a natural constituent of 
the body, it is certain that it may be frequently mot with in persons who 
h&ve been ajiparently perfectly healthy, and quite free from all symptoms 
of lead poisoning. Legrip found in the liver and spleen of a healthy 
pereoQ, 5'4 mgrms. of lead oxide in every kilogram ; Oidtniann, in th© 
liver of a man fifty-six years of age, 1 mgrm. of lead oxide per kilogram, 
and in the spleen 3 mgrms. per kilogram. Hence, the analyst, in search- 
ing for (wison must be very careful in his conclusions. Grave and serious 
errors may also arise from complications ; suppose, e.g., that a deceased 
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person previoua to death had partaken of game, and inadvertently 
lowed a shot — if the analyst had not carefully searched the contents of 
the etomach for solid bodies, but merely treated them at ouce with ai'id 
Bolventa, he would naturally get very decided lead reactiousj and would 
^ possibly conclude, and give evidence to the effect, that a poisonous solu- 
ble salt of lead had been administered shortly before death. 

Detection aitd Estimation of Lead. — A great'number of fluids (such as 
beer, winca, vinegar, water, Ac), if they contain anything like the amount 
of one-tenth of a miUigramme iu 100 co.will give a very marked dark col- 
our with SH,. It is, however, usually safest in the first place to concen- 
trate the liquid, to add an acid, and deposit the lead on platinum, in the 
way to be shortly described. Nearly all the lead fram oils and fatty mat- 
ter may bo dissolved out by shaking up the fat with dilute nitric acid ; 
if necessary, the fat should previously be melted. 

If (in the usual course of routine research) a hydrochloric acid solution 
is obtained from the treatment or destruction of organic substances by that 
agent, and lead sulphide (mised possibly with other sulphides) Is tiltorfd 
off, any arsenical sulphide may first be extracted from the filter by am- 
monia, and any anttmonious sulphide by sodic sulphide; then the suli>hLde 
may be extracted by warm hydrochloric acid, which will leave undissolved 
Buch sulphides as those of copper and mercury. On diluting the liquid, 
and filtration at a boiling temperature, cryst^ila of lead chloride will he 
deposited on cooling. 

If, however, organic matters are specially searched for lead, hydrct- 
chloric acid is not the best solvent, hut nitric should always be preferred; 
and if there is reason to think that the lead exists in the form of sul- 
phate, then the proper solvent is either the acetate of tiie tartrate of am- 
monia ; but, iu either case, the solution should contain an excess of am- 
monia. It must, however, be remembered that organic matters retain 
lead with great tenacity, and that in all cases where it can with any cou- 
Tenience be effected, the substances should bo not only carbonised, but 
burnt to an ash ; for Boucher* has shown that carbon retains lead, and 
that the lead in carbon resists to a considerable extent the action of sol- 
vents. 

I In the case of sulphate of lead, which may be always produced in an 
ash from organic substances by previous treatment with suiTicient sul- 
phuric acid, a very excellent method of identification is to convert it into 
sugar of lead. To do this, it is merely necessarj- to boil it with carbo- 
nate of ammonia, which changta it into carbonate of lead ; treatment 
with acetic acid will now give the acetate : the solution may (if the lead 
is in very small quantity) be concentrated in a watch-glass, a drop evap- 
orated to dryness on a circle of thin microscopic glass, and the crystals 
*Ann. d'lfygiiiu, t. xU. 
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iBinined by the microscope ; tlie same film nest exposed to tho fumoa 
of SHfc wliich will blacken it ; and lastly, the solution (which shonld be 
sweet) tasted. A eryst-ulline substance, posseasing a swwt taste, and 
Slackening when exposed to 8H„ can iinder the circumstance^ be no 
other substance than acetate of lead. 

If the analyst does not care for this method, there ia room for choice. 
K. Bolutioa containing lead can be converted into sulphide ; in this ciieo 
tt is, howcTer, absolutely necessary that tiiere should be no great excess of 
md, sincu as little as ib per cent, of free hydrochloric acid will prevent 
«U the lead going down. On obtaining the sulphide, the latter, an al- 
nady described, can be converted into chloride by hydrochloric acid, and 
tite crystalline chloride is extremely characteristic. 

From the solution of the uhloride the metal may be obtained in a 
aolid state by inserting a piece of zinc in the solution contained in a cru- 
cible ; the lead will be deposited graiiually, and can be then collected, 
VMhed, and finally fused into a little globule on charcoal. A lead bead 
flattens easily when bit with a hammer, and makes a mark on pai>ei'. 
Solutions of the chloride also give a heavy precipitate of lead sulphate, 
when treated with a solution of sodic sulphate. 

When lead is in very minute quantity, an electrolytic method is gen- 
erally preferable ; the lead is precipitated on platinum by using exactly 
the same apparatus as in Bloxam's test, described at p. 506 ; the liquid 
to be tested being placed in the inner cell, the lead film may now be iden- 
tified, dissolved in nitric acid, and estimated by a colorimetric process. 
For the estimation of the minute fractions of a gram by a colour method, 
it is merely necessary to have a vcr)' dilute solution of acetate of lead, to 
add a known volume of 811, water to the liquid to be tested in a Xessler 
cylinder, noting the colour, and add to another a known quantity of the 
standard lead solution and the same quantity of SH, as was added to the 
first. 

The process has an advantage which is great, viz., that it either de- 
tect* copper or proves its absence at the same time, and there are few 
Cases in which the analyst does not look for copper as well as for lead. 
Lead, if in sufficient quantity, may he most conveniently estimated as 
oxide, sulphate, or chloride; the chief properties of these sabstanees 
bxre been already described. 

2. COPPER. 

Copper, Cn^63'5 ; specific gravity, from 8'921 to 8*968 ; fusing 
point, lOSl" (Iloe^F,). Copper in analysis occurs either as a film or 
coating on such metals as pktinum, iron, &c., or in a state of fine divi- 
Mon; or, finally, as a bead. In thin films, copper has a yellowish or a 
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yellowish- red colour ; it dissolveB readily iunitric, slowly in hydrochloric — ™j 
ttfid. If air be excluded, hydrochloric acid fails to digaolve copper, aod"^ 
the saDie remark applic-a to ammonia ; but, IF there be free access of Eur, J 
ammonia aUo acts as a slow solvent. Metallic copper in a fine fitat« of ^ 
division cau be fused at a white heat to a bright bluish-green globnle, J 
which, on cooling, is covered with black oiide. 

Cupric Oxide (Cu0^79-5 ; specific gravity, 6-5 ; conipoaition in 100 ■* 
parts, Cu 79"85, 20' 15) is a brownish-black powder, which remains in -^ 
the absence of reducing gases umtltiTed at a red heat. It is nearly in- ' 
soluble in water, but soluble in €1H, KO,H, &c.; it is hygroscopic, and, I 
as every one who has made a combustion knows, is readily reduced by ^ 
ignition with charcoal in the presence of reducing gases. ' 

Cupric Sulphide, CuS = 95 '5, produced in the wet way, is a brown- I 
jsh powder so insoluble in water that, according to Fresenius, 950,000 ' 
parts of water are required to dissolve one part. It is not quite insoln- ^ 
ble in CIH, and dissolves readily lu nitric acid with separation of sul- 1 
phur. By ignition in a stream of n„ it may be converted into the sub- 
aulphide of copper. It must always be washed by SH, water. 

Solubility of Copper in Water and Various Fluids. — The solubility 
of copper in water and saline solutions has been very carefully studied by 
Camelley.* Distilled water exerts some solvent action, the amount 
varying, as might be expected, according to the time of exposure, the 
amount of surface exposed, the quantity of water acting upon the cop- 
per, &c. It would appear that under favourable circ urn stances, 100 cc. 
of distilled water may dissolve '3 mgrm. of copper (-2 grain per gallon). 

With regard to salts, those of ammonium exert a solvent action on 
copper more decided than that of any others known. With the others, 
however, the nature of the base exerts little influence, the action of the 
Bait depending chiefly on the nature of its acid radical. Thus, begin- 
ning with the least effective, the following is the order of dissolving 
strength : — Nitrates, sulphates, carbonates, and chlorides. It will then 
at once be evident that a water, contaminated by sewage, and there- 
fore containing jilenty of ammonia and chlorides, might exert a very 
considerable solvent action on copper. 

Almost all the oils and fats, as well as syrups, dissolve small qnan- 
titles of copper ; hence its frequent presence iu articles of food cooked or 
prepared iu copper vessels. In the very elaborate and careful experi- 
ments of Mr. W. Thompson,! the only oils which took up no copper, 
when digested on copper foil, were English neats'-foot oil, tallow oil, one 



* Journ. Chem. Soc.., 1876, vol. ii., p. 4. 

n Metallic Copper," Cluim. A'eics, vol, nxiv., pp. 176. 
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Bsmple afmiTe oil, palm-nut oil, commcn tallow oil, and white oil, 
■which was protected from the air by a thick coating of oxidised oil on 
surface. 

Copper as a Normal Constituent of Animal, Vegetable, and other 
Jtaiters. — Copper is very widely distributed throughout the mineral, 
animal, and vegetable kingdomB, Besides, being present in numerous 
minerals and earths, it is often fonnd in spring and river water, either 
£rom the solvent action of the water itself, or from pollution from copper 
znineB or manufactories iu which the metal is used. 

In the animal kingdom it is u constant and natural constituent of 
the blood of the cephalopods, Crustacea,' guHteropods, and cephalophora, 
and is nearly always present in the liver and kidneys of domestic ani- 
malfl, as well as in men. Dr. Dupre* found -035 to -089 grain (1-8 to 2 
mgnns.) in human livers, or about one part in 500,000. Bergeron and 
Jj. L, note's researches on fourteen bodies, specially examined for cop- 
per, fully substantiate those of Dr. Dupre ; in twelve, the copper waa 
found in quantities of from •? to 1-5 mgrm.; in the remaining two the 
amoant of copper wua very minute, and was not estimated.! Chopper is 
also found normally in the kidneys, and Dupr€| detected in human kid- 
neys about one in 100,000 parts ; it is also found in the bile, and in 
minate truces in the blood. § 

In the kidneys and livers of the ruminants copper may always be 
found, a shocp'a liver containing about one part in 20,000.|| Church 
found copper in the feathers of the wings of the turaco ; Melopsitt in 
the fe-Hthera of a paraquet {Melopsittneu» undulatus).*i 

In wheat (and therefore in bread), in barley, mangel-wurzel, swedes 
(and in both the root and leaf of turnip), as well as in most other vege- 
tables, copper in very minute traces may be detected. Of the different 
vegetables specified. Dr. Dupre found, as a masimum, one part of oiide 
of copper in 340,000 parts of wheat ; and, as a minimum, one port of 
oxide of copper in 4.375,000 of turnip root.** 

Copper in Articles of Food and Drink. — Copper as an impurity, or 
an adulterant, is found in a great variety of articles of food and drink. 
It has been discovered in aerated waters, its prcBence being due to the 
uae of copper cylinders, tho lining tin of which had been rendered de- 
fective by corrosion.ft 

■ Arudyil, No. 18, ISTT. f Compt. Bendus.. vol. Ixxx., p. 268. 

^^V t Op. at. % Hoppe-Sejler ; Sandbtuh der Physiotogiseh. AntUyae-, p. 41S. 
BB I Duprg, Op. eii. ■[ Chem. New». xxviU. 812. 

** Dupre, Op. cit. Sarzeau has found copper m about 300 vegetables. 

Q Aerated Waters." by Dr. James 
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Accidents may also occur from the use of copper boilers. Mr. ' 
Thompson found in one ease* no Iobs than 3 ■575 grains in a gallon (51 
mgrms. per litre) in water drawn from a kitclien boiler. 

At lioubaix, in France, sulphide of copper had been deposited on 
the roof, as a couBequence of tlie use of copper flues ; the sulphide was 
changed into sulphate by the action of the air, and washed by the rain 
into the water-tank, f 

That preserved vegetables are made of a bright and attractive green 
colour by impregnation with copiier, from the deliberate use of copper 
Tesaela for this purpose, is a fitet long known. Greeir peas especially 
have been coloured in this way, and a number of convictions for this 
offence have taken place in England. 

In 1877, several cases were heard at the Marlborough Police Court, 
nnder the Sale of Foml and Drugs Act, the charge being the addition of 
copper to peas ; in a particnlar instance, the pound tin of preserved peas 
"was found to contain '088 copper, equal to 2)4 grains of copper sulphate. 
There was a considerable amount of scientific evidence offered, one of 
the experts (Dr. Guy) declaring his conviction that copper salts were 
more injurious than those of lead ; all agreed that tho amount of cop- 
per found was beyond that which could be naturally present in any 
vegetable. J 

At the Liverpool Police Court, a firm was prosecuted for selling peas 
containing copper equal to 2J4 grains of aiilphate to the pound tin.§ 

A Liverpool grocer w;i8 fined aOs. and costs for selling peaa contain- 
ing copper equal to2'6 grains of the sulphate to the pound. || 

At Bradford, vendors have been fined for selling coppered peas, the 
metal equalling from l>i to 2 grains to the pound.^ 

Copper may he found in spirits owing to the use of copper condens- 
ers, a remark which applies also to the essential oils, such as oleum caje- 
pute mettlhw.&c.** In France it has been added fraudulently to absinthe, 
to improve its colonr-ft Green sweetmeats, green toys, green papeta, 
have all been found to contain definite compounds of copper to a danger- 
ous extent. 

Preparations of Copper used in Medicine and the Arts. 

(1.) Medicinal Preparations: — - 

Sulphate of Copper, Cupri Sulphas, CuSOioII.O. This well-known 

• Cftum, New*, sxxi.. No. 801. f Author's Dictionary of Hygiine, p. 167. 
t Analyst, IfiTT, p. 216. § Sanitary Rtrorit, TJ., p. 835. 

I Siinitnry Itei-ord, vj., p. 351. Tf rbiii., vij.. p. 03. 

•• According to Eulenberg (Oewfrbe Hygiene, p. 719), Oieum eqjrpute, Mmt^ 
pip., Mfiitis Tmanaceiti, Sm., are almost always contaminated with copper, ^^ 
tf Tardieu ; Mude Med. Lig. »ur T Empoitowaement. ^H 
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salt is very Bolable in water, reddens litmus, and is slightly efflorescent ; I 
its solution responds to all the uaiial tests for copper and aulphuric acid. ] 
A watery Bolntion o( the salt to which twice its volume of a solution o( ] 
chlorine haa been added, gives, when treated with ammouiu in excess, & 
clear sapphire-blue solution, leaving nothing undissolved, and thus show- 
ing the absence of iron. Besides iron, sulphate of copper hu« beea found. I 
to contain sincic sulphate. I 

Cuprum Aluminatum. — A preparation called cuprum aluminatum I 
{Pierrti divine) is in use in Franco and Germany as a medicine. It ia | 
composed of 16 parte cupric milpliate, 16 potassic nitrate, 16 alum, and & , 
camphor. 

Regular and irregular medical practitioners, veterinary surgeons, 
farriers, and grooms, ail use sulphate of copper (bluestone) as an applica- 
tion to wounds. Copjter as an internal remedy, is not in favour either 
with quacks or vendors of jiuteut medicines. The writer has not yet i 
found any patent pill or liquid containing it. \ 

(2.) Copper in the Arts — Copper is used very extensively in the arta; I 
it enters into the composition of a number of alloys, is one of the chief | 
constituents of the common bronzing powders, is contained in many of | 
the lilac and purple fires of the pyrotechnist, and in a great variety of 
pigments. The last-mentioned, being of special importance, will be 
briefly described : — 

Pigmenls : — 

Sehwein/url and Scheeh'g Oreen* are respectively the aceto-areenit© : 
and the arsenite of copper, — (See article " Arsenic") | 

Brighton Green is a mixture of impure acetate of copper and cballc 

Bruns^oick Qreen, originally a crude chloride of copper, is now gen- 1 
erally a mixture of carbonate of copper and chalk or alumina. 

Mountain Qreen, or Mineral Green, is the native green carbonate of 
copper, either with or without a little orpiment. 

Keuwieder Qreen is either the same as mountain green, or Schwein- 
fnrt green, mised with gypsum or sulphate of baryta. i 

Qreen Verditet is a mixture of oxide and carbonate of copper with 
chalk. I 

Verdigris is an acetate of copper, or a mixture of acetates. Its for- 
mula IB usually represented as (C,lI,0,)CuO. It is much used in th» 
arts, and to some extent as an external application in medicine. Its j 
most frequent impurities or adulterations are chalk and sulphate of cop- 1 
per, 1 

•The synonyms for Schweinfurt green are eitremely numeroiw :— Mitio I 
grecD, Tieonic green, imperial green, emerald green, are the principal t«rms in I 
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Dose — Medicinal Dose of Copper. — Since sulphate of copper is fOW* I 
tically the only salt adminiBtered intemiiUy, the dose ia generally ei- 
pressed as so many grains of sulphate. This salt ia given in quantities of 
from "OIG to -129 grm. {}( to 2 grains) as an astringent or tonic ; as an | 
emetic, from -324 to -648 grm. (5 to 10 grains). 

The sulphate of copper is given to horses and cattle in such Urge 
doses Be from 30 op to 120 grains (1'9 to I't grma.) ; to sheep, from 1'3 
to 2-6 grma. (20 to 40 grains) ; rabbits, "0648 to -1396 grm. (1 to i 
;graia8). 

Poisonous Dose. — A dose of 7-7 grma. of sulphate of copper (130 
grains) has caused very serious symptoms.* A woman died in seventy- 
two hours, after taking 37 gnua. (7 drma.) of sulphate of copper ouied 
with 11'6 grms. (3 drma.) of sulphide of iron. 56'6 grma. (3 oza.) of the 
acetate of copper have caused death in three duys ; 14'17 grms. ()i oi.) 
in sixty hours-f 

Effects of Soluble Copper Salts on Animals. — Harnack haa made 
some experiments on animals with an alkaline tartrate of copper, which 
haa no local action, nor does it precipitate albumin. >i to ^ mgrm. of 
copper oxide in tliis form, administered subcutancously, was fatal to 
froga, -05 grm. to rabbits, -4 grma. to doga. The direct excitability of 
tlie voluntary muscles was graduuUy extinguished, and death took place 
from heart paralysis. Vomiting was only noticed when the poison was 
administered by the stomach. The temperature of animals poisoned by 
xjopper sinks, according to the researches of F. A. Falck, many degrees. 
These observations are in agreement with the effects of copper salts on 
man, and with the experiments of Orfila, Blake, C. Ph. Falck, and 
■others. 

Effects of Soluble Copper Sails on Man — Acute Poisoning. — Acute 
poisoning by salts of copper is rare ; in the five years ending 1880, there 
were registered in England seven deaths from this caase — five were 
adults, two of the five were suicidal cases, and two wore children. The 
symptoms produced by the sulphate of copper are those of a powerful 
irritant poison : there is immediate and violent vomiting ; the vomited 
matters are of a greenish colour— a green distinguiahed from bile by the 
colour changing to blue on the addition of ammonia. There is pain in 
the stomach, and in a little time affections of the nervous sTBtem, as 
shown by spasms, cramps, paralysis, and even tetanus. Jaundice is a 
frequent symptom, if life is prolonged sufficiently to admit of its occur- 



One of the best examples of acute poisoning by copper sulphate ia 
• Taylor, Op. Ht. f Sonnenschein, C 
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reoorded by Maschko.* A youth, sixteen years old, took an unknown 
large dose of powdered copper sutphute, mised with wator. Half u iiour 
&ft«rwarda there wiis violent Tomiting, and he was taken to the hospitul. 
There was thirst, retching, constriction in the throat, a coppery tint in 
the mouth, and pain in the epigastrium, which was painfal on pressure. 
The vomit was of a blue colour, and small undissolved crvBtak of copper 
sulphate were obtained from it. The patient w&s pale, the edges of the 
lips and the angles of the mouth were coloured blue, the surface of the 
tongne had also a bine tint, the temperature waa depressed, the extremi- 
ties cold, nails cyanotic, and the pulse small and quick. Several loose 
greenish-yellow evacuations were passed ; there was no blood. The 
urine was scanty, but contained neither blood nor albumen. During 
the night the patient was very restless ; the next morning he had vio- 
lent headache, pain in tbe epigastrium, burning in the mouth and gul- 
let, but no vomiting. The urine was scanty, contained blood, albumen, 
and colouring-matter from the bile. On the fourth day there waa 
marked jaundice. The mucous membrane was very [lale, the temjiera- 
ture low. pulse frequent, and great weakness, cardiac oppression, and 
restlessness were experienced. There was diarrhcea and tenesmus, the 
motions being streaked with blood ; the urine also contained much 
blood. The liver was enlarged. The patient died in a state of coUapse 
on the seventh day. 

In 183G a girl, sixteen months old, was given bluestone to play with, 
and ate an unknown quantity ; a quarter of an hour afterwards the 
child was violently sick, vomiting a bluish-green liquid containing some 
pieces of gtilphate of copper. Death took place in four hours, without 
con\'ulsions, and without diarrhcEa. 

Subaretaie of Copper, Stibchhridf:, nnd Carbonate, all act very simi- 
larly to the sulphate when given in large doses. 

Post-mortem Appearances. — In Maschka's case, the chief changes 
noted were in the liver, kidneys, and stomach. The substance of the 
ltv«r was friable and fattv : in the gall-hladdpr there were but a few drops 
«f dark tenacious bile. The kidneys were swollen, the cortical substance 
-ooloured yellow, the pyramids compressed and pale-brown. In the mncoiia 
aembrane of the stomach there was an excoriation the size of a shilling, 
in which the epithelium was changed into a dirty brown mass, easily 
-detached, laying bare the muscular substance beneath, but otherwise 
normal. 

In a case of poisoning by verdigris (subacetate of copper) recorded 
by Orfiht,t the stomach was so much inflamed and thickened that to- 

• Wiener Mtd. Wodxensehr.. 1971. Nro. 26. p. 628. 

I Toxieologie, vol. i., p. 787 (5th ed.) 
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wards tlio pyloric end, the opening into the inteatine was almost oblit- 
erated. The small iuteBtinea throughout were inflamed, and perfora- 
tion had taken place, so that part of the green liquid had escaped iut»- 
the abdomen. The large intestines were distended in some parts, con- 
tracted in others, and there was ulceration of the rectum. In othei ' 

cases a striking discoloration of the mucous membrane, being changed- 
by the contact of the salt to a dirty bluish-green, has been noticed, aiid^^ _ 
when present, will afford valuable indications. 

Chronic Poiaoning by Copper. — This has occasionally been seeo — » 
among workere in copper or its salts, and also from the use of food acci — i 

dentally contaminated by copper. In the symptoms there is a very great 

resemblance to those produced by lead. There is a green line on lh*=-« 
margin of the gums. Dr. Clapton * found the line very distinct in a_ — 

sailor and two working coppersmiths, and the two men were also seen , 

by Dr. Taylor, Cases of chronic poisoning among coppersmithB have^ 
also been treated by Dr. Cameron,! ^^^ *^'^ symptom waa not noticed. 
Corrigan speaks of the line round the gums, but describes it as purple- - 
red. Metallic copper itself is not poisonous, so that the copper dnat- 
must be converted by the fluids of the body into a soluble salt, capabl&- 
of being absorbed into the blood, Amoug workers in copper, Laucer- 
eatix X has seen a black coloration of the mucous membrane of the di- 
gestive canal ; its chemical characters appear to agree with those oT 
carbon. 

Small doses of the salts of copper continued for some time produce- 
colicky pains, impairment of the digestion, diarrhcea, emaciation and 
often a catarrhal cough. It was the opinion of Corrigan % that the main 
difference between the slow action of copper and that of lead was that 
copper salts, more especially, exerted their effects on the functions of 
nutrition and assimilation, whilst lead acted energetically on the nervous- 
Bystem. 

Detection and Estimation of Copper. — Copper may occur cither in 
the routine process of precipitating by SH,, or it may, as is generally 
the case, be searched for specially. If copper is looked for in a. , 
precipitate produced- by SH„ it is taken for granted that the pre- 
cipitate has first been _treated successively by carbonate of ammonia, \ 
salphide of sodinm, and liydrochloric acid; in other words, arsenic, 
antimony, and lead have been removed. The moist precipitate is. 
now treated with warm nitric acid, which dissolves out copper sulphide 

• Med. Timet and Oaietlt. Jnn«. 1868, p. 658. 
t ifed. Timet aiirf Oaxette, 1870, vol. 1, p. 581. 
% " Atlas of Pathological Anatomj'." g Dubtin Hoap. Oaz., Sept. 1855.. 
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irith Beparation of salphnr; il tliere is sufficient copper, the Said shows %M 
blue colour, which of itself is an indication of copper being present,! 
The f iirihur teats aro — (1) Ammouia gives a deeper blue ; (2)ferrocy-l 
aiiide of potash a lirown-red colour or precipitate ; (3) a few drops I 
mixed with a solution of tartrate of soda, alkahsed with sodio hydrate, I 
and boiled with a crjetal or two of grape-sugar, gives quickly a red pre- 1 
cipitate of oiide of copper ; (4) a needle or a clean iron wire, or anjM 
simple galvanic combination immersed in, or acting on, the hquid, sooa J 
becomes coated with the very characteristic reddish metallic film. Tar- I 
ious other tests might bo mentioned, but the above are ample. 

Special £xaminalion for Copper. 

(1.) /» Water and Liquids generally. — The liquid may be concen-l 
trated, and the copper separated by electrolysis. A simple method ii 
place the liquid in a large platinum dish, and insert a piece of zinc, add- I 
ing a sufficient quantity of CIH to dissolve the zinc entirely ; the copper I 
is found aa an adherent film on the inner surface of the dish. It ia I 
neater, however, and more accurate, to connect the platinum dish with I 
the negative plate of a battery, suspending in the liquid the positive J 
electrode. The modifications of this method are numerous ; some chem- 1 
ista use (especially for small quantities of copper) two small platinum. I 
electrodes, either of foil or of wire, aud on obtaining the film, weigh, I 
the electrode, then dissolve the copper off by nitric acid, and re-weigh. I 
SDch aolid enbatancos as pead are conveniently mashed up into a paste ' 
with water and CIH ; an aliquot part is carefully weighed and put in a 
platinum dish, connected, as before described, with a battery ; at the 
end of from twelve to twenty-four hours all the copper is deposited, and 
the dish with its film dried and weighed. The weight of the clean dish, 
miiitts the coppered dish, of course equals the copper. Fat and oils are 
best thoroughly washed wilb hot acid water, which will, if properly per- 
formed, extract all the copper. By ihe use of separating funnels and 
wet filters, the fat or oil can be separated from the watery liquid. 

vV test has been recently jiroposed, which is certainly the most deli- 
cate known, fj^ of a mgrm. in solution being recognised with facility. A 
zinc platinum couple is made with two wires ; on leaving this in an acid 
liquid containing a mere trace of copper, after sevenil hours the platinum 
will be found discoloured. If the discoloration is from copper, on expos- 
ing the wire to hydrobromic acid fumes (easily produced from the action 
of potassic bromide and sulphuric acid) and bromine, the wire will he- 
come of a violet colour. This colour is easily recognised by rubbing tJie 
wire on & piece of porcelain.*. 

(2.) Animal Mailers, such as the liver, brain, spinal cord, &c., are 
• Chent. Newt, Nov. 30, 18T7. 
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best entirely burnt to an ash, and the copper looked for in the latter." 
The same remark applies to brcml and substances eonsistiug almost en- 
tirely of starchy matters. Any injurious quantity of copper can, how- 
ever, be extracted with hydrochloric acid and water ; and, although this 
method of extraction is not quite so accurate, it is quicker. 

Volumetric Processes for the Estimation of Copper. — A number of 
volumetric processes have been devised for tlie estimation of copper, but 
for the purposes of this work It is unnecessary to detail them. When 
copper is in too small a quantity to bo weighed, it may then be estimated 
by a colorimotric process. 

One of the best of these is baaed ujion the brown colour which ferro- 
cyanide of potash produces in very dilute solutions of copper. A stau- 
dard copper solution is obtained by dissolving sulphate of copper in a litre 
of water, so that each cc. contains O'l mgrm. Cu., and a solution of fer- 
Tocyauide of potash in water is prepared, strength 4 per cent. It is also 
convenient to have a soUition of nitrate of ammouia, which is found to 
render the reaction much more delicate. 

The further details of the process are precisely on the same prin- 
ciples as the well-known colorimetric method of estimating auunoma \^ 
Nessler's solution. 

3. BISMUTH. 

Bismuth, Bi =- 210 ; specific gravity, 9'?99 ; fusing point, 264" 
(507'3°F.) Bismuth, as obtained in the course of analysis, is either a 
black metallic powder or a bead extremely brittle, and of a reddish -white 
colour. The compounds which it will be necessary to notice briefly, will 
be the teroxido and the tereulphidc, 

The Teroxidc of Bismuth (Bi,0, = 468 ; specific gravity, 8-211 ; Bi 
89'64 per cent., 10'36 per ceut.^, as prepared by igniting the carbonate 
or nitra'.e, is a pale lemon-coloured powder, which can be fused without 
loss of weight, hut is reduced in charcoal, or in a stream of carbon diox- 
ide, to the metallic state. It is also reduced by fusion with cyanide of 
potassium, or by ignition with chloride of ammonium. 

The Sulphide of Bismuth (Bi,S, = 516 ; Bi 81-25 per cent., S 1875 
per cent.), occurs in the course of analysis as a brownish -black or quite 
black precipitate, insoluble in water, dilute acids, alkalies, alkaline sul- 
phides, sulphate of soda, and cyanide of potassium, but dissolving in 
moderately concentrated nitric acid, with separation of sulphur. It con- 
* la the exhumation of long buried bodies, it may be neoeesary to know the 
compositioii of the eoil. Sonnenschetn mentions a skull, now in the museum at 
Madrid, which was dug out of an old Roman mine, and is quit« green from cop- 
per compounds. — Sonnenechein's HaruIbiKh, p. 83, 



nnlly increases in weight when dried in the ordinary way, and is com- 
pletely reduced when fused with cyanide of potassium. 



Preparations of Bismulh used in Medicine and the Arts. 



(1.) Pharmaceutical Preparations: — 

Bismnthi tiubnitras [Subuitrate of Bismuth, BiNO,HjO). A heavy 
white powder insoluble in water, and responding 'to the usual teats for 
bismuth and nitric acid. The percentage of bismuth in this preparation 
often varies within somewhat wide limits, for there are at least two ni- 
trates in commerce, the one containing 79 "4 per cent, of bismuth oxide, 
the other 76-48 per cent. 

The principal impurities to be looked for are — ammonia,* carbonate 
of lead, arsenic, chlorine, and sodium salts. The first is easily detected 
by distilling with potash, and estimating the NH, by titration, or. if in 
small amount, by colorimetric methods ; carbonate of lead, by efferves- 
cence with nitric and precipitation by sulphuric acids ; arsenic, by Davy's 
test (see p. 510); chlorine, by nitrate of silver; and sodium salts, by 
boiling the bismuth with water, filtering, evaporating down to drynesia, 
and examining the residue. 

Tellurium has recently been suspected in preparations of bismuth ; 
the evidence on the point, however, is not of an analytical character, but 
is based upon the observation that some persons, after taking certain 
bismuth preparations, have suffered from fcetid breath.f Sir J. Simp- 
son records a case in which a divinity student inadvertently swallowed a 
dose of tellurium, which was followed by the evolution of such a pereist- 
ent odour, that for the remainder of the session the patient had to ait 
apart from his fellow- students. 

Bismuth Lozeiiges. Trochisci Bismuthi, are composed of subnitrate of 
bismuth, carbonate of ma^esia, precipitated carbonate of lime, sugar, 
and gum, mixed with rose water. Each lozenge should contain '13 grra. 
<2 grains) of nitrate of bismuth. 

Solution of Citrate of Bismuth and Ammonia, Liquor bismuthi et 
AtamoniiB citratis, a colourless, neutral, or slightly alkaline fluid ; spe- 
-cific gravity, 1*122 ; responding to the tests for bismuth and ammonia. 

The probable impurities are the same as those in the subnitrate, and 
lead should specialty be searched for, because so frequently contained in i 
citric acid. 

* Anmionin Is. perbaps, formed in the preparation of bismnth as follows : — 
■9Bi,V15NO,H— 3NOrlBi+eOH,+NH,+N,0,.— W. G. Piper, Pharm. Joum., 
April 31. p. 77. 

t ffcirm. Joum. (3). No. 287, Diet. SI, 76. 
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Carbonate of Bismuth, Bismu/tti carhonas, 2(Bi,C0i)H,0, a fine 
white powder, answering to tlia teata for bismuth and carbonic anliy- 
dride, and likely to contain tbo same impurities as the subnitrate. It 
ought to give 89'1 per cout. of bismuth oxide. 

The Valerianate of Bismuth, Btsinuthum valerianicum, a white 
powder, smelling strongly of valerianic acid : if dissolved in nilrie or hy- 
drochlorio acida, with separation of the valeriiinic acid, 100 parts most 
contain 79 of oxide of bismuth. Tho valerianate of bismuth is in the 
German, but not in the British pharmacopoeia. 

Bigmuthiii the Arts.* — The principal use of bismuth is in alloys 
and solders. The chromate ia employed in calico-printing, and the sub- 
nitrate as a paint, under the name of pearl-white. 

The salta of bismuth also occur in washes for the hair, and pearl- 
white is used as a cosmetic, but only to a email extent. 

Medicinal Doses of Bismuth. — The subnitrate and carbonate are pre- 
scribed in doses from -OS-iS to 1'296 grm. (1 to 20 grains) ; the valeriar 
nate, from •1%'AQ to -CiS grm. (2 to 10 grains) ; and the solution, from 
1'7 cc. to 5'3 cc. (J4 drachm to 1% drachm). 

Toxic Effects of Subnitrate of Bismuth. — Tlio subnitrate of bismuth 
in a dose of 7'7 grms, (Sdrms.)! has caused the death of an adult in 
nine days ; the symptoms were those of a powerful irritant. There was 
a metallic taste ia the mouth, burning pain in the throat, vomiting, 
purging, coldness of surface, and spasms of the arms and legs. Aj'ost- 
mortem examination showed inflammatory cluinges in the thi-oat, gullet, 
wind-pipe, and throughout the intestinal canal. In a case mentioned by 
Dr. Traill, a man took three times the above dose in divided quantities 
and suffered from very similar symptoms, but recovered. 

Extraction and Detection of Bismuth in Animal Matters. — Bismuth 
appeiira to be excreted principiilly by the bowels as sulphide of bismuth ; 
but it has also been detected in the urine, spleen, and liver ; and Lubin- 
sky has found it in the saliva and in the epithelium of the mouth of per- 
sons taking one of its preparations. Without denying the possibility of 
its existing in a soluble state in the saliva, its presence in the mouth may, 
under such circumstances, bo ascribed to the lodgment of particles of 
subnitrate or subcarbonate of bismuth in the interstices of the teeth, &0. 
It will then be evident that, if a peraou is supposed to have been poi- 
Boned by a large dose of bismuth, and the analyst fail to find it in the 
stomach, the contents of the bowels should bo nest examined. 

• According to Mr. Field {Chem. Neics, vol. xxxvi., p. 261), bismuth is con- 
tained in all copper coinage — from the Bactriaa coins to our own ; generally, in 
all cupreous ores satoept the carbonates ; and in nearlj all specimens of commer- 
oial copper. 

t Taylor quoting from Sobemheim, p. 33i5. 




561 



The Bitraction of bismnth mnst be undertaken by nitric acid, and 
boiling (or at least two hours may be necessary to dissolve it out from the 
tissiies. Such organs as the hver and spleen are boiled in a finely divi- 
ded Btate with a litre of dilute nitric acid (strength, 5 per cent.), for the 
time mentioned, filtered, and the filtrate evaporated to dryness ; the re- 
muiuder is then carbonised by strnng nitric acid ; and, finally, the char- 
coal is boiled with equal porta of nitric acid and water, and the whole 
evaporated to drjTiesa. By this method every trace of bismnth is ex- 
tracted. The dry residue may now be brought into solution, and tested 
for bismuth. The best Bolvent for the nitrate of bismuth is dilute nitric 
acid 50 per cent. ; the dry residue is therefore dissolved in 100 or 200 co; 
of the acid, and fractional parts taken for examination : — 

(1.) The solution, poured into a large volume of warm distilled 
water, gives a cryatailine precipitate of subnitrate of bismuth. The only 
metal giving a simiiar reaction is antimony, and this is excluded by the 
method employed. , 

{3.) The filtered fluid gives on addition of sodic chloride a precipi- 
tate of oxychloride. This, again, is distinguished from oxychloride of 
antimony by its insolubility in tartaric acid. 

(3.) Any bismuth precipitate, fused with soda on charcoal, gives a 
brittle bead of bismuth ; the coal is coated whilst warm a dark orange- 
yellow; on cooling, citron-yellow. 

(4.) The bead may be identified by powdering it, placing it in a 
ehort subliming tube, and passing over it dry chlorine. The powder 
first turns black, then melts to an amber-yellow fluid, and finally, by pro- 
longed heating, sublimes as terchloridc of bismuth. 

(5.) A Tery delicate test proposed by Abel and Field, in 1862,* speci- 
ally for the detection of bismnth in copper (but by no means confined to 
mineral analysis), utilises the fact that, if iodide of lead be precipitated 
from a fluid containing tlje least trace of bismuth^ instead of the yellow 
iodide the scales assume a dark orange to a crimson tint. A solution of 
nitrate of lead is used ; to the nitric acid solution ammonia and carbonata 
of ammonia added : the precipitate washed, and dissolved in acetic 
acid : and, finally, excess of iodide of potassium added. It is said that 
tbns so small a quantity as -00025 grm. may be detected in topper with 
the greatest ease, the iodide of had becoming dark orange ; -001 grain 
imparts a reddish-brown tinge, and -01 grain a crimson. 

(6.) Van Kobell's test, as modified by HutcbingB,t and proposed 
more especiaUy for the detection of bismuth in minerals, is capable of 
being applied to any solid compound suspected of containing tho metal : 

News. vol. xxxiv., p. 291. 
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— A mixture of precipitated and purified cuprous, iodide, with an equal 
Tolume of fiowera of sulphur, is prepared, and 2 parUof this mixture are 
made into a paste with 1 part of the subatance, and heated on a shp of 
charcoal on an aluminium support by the blowpipe flame. If bismuth 
be present, the red bismuth iodide will sublime, and on clean aluminium 
is easily distinguishable. 

There are many other tests, but the above are more than sufficient. 

Eatiinaiion of Sismuth, — The estimation of bismuth, when in any 
quantity easily weighed, is, perhaps, beat accomplished by fusing the sul- 
phide, oxide, or other compound of bismuth, in a porcelain crucible with 
cyanide of potassium ; bismuth ia reduced to the metallic state, the cya- 
nide can be disaolved out, and the metallic powder washed (first with water, 
lastly with spirit), dried and weighed, 

Mr. Pattison Muir has shown* that bismuth may be separated from 
iron, aluminium, chromium, and manganese, by adding ammonia to the 
acid solutions of these metals. 

Thia observation admits of many applications, and may be nsefoUy 
taken advantage of iu the separation of bismuth from the nitric acid 
Bolution of such animal matters as liver, &c. The acid liquid ia partially 
neutralised by ammonia, and, on diluting with warm water containing a 
little sodium or ammonium chloride, the whole of the bismuth is precip- 
itated as oiychloride, which may be collected, and fused with cyanide of 
potassium, as above. 

If the bismuth precipitate is in small quantity, or, if a number of 
estimations of bismuth are to be made, it is most convenient to use a voln- 
metric process. In the case first mentioned, the oxychloride could be dis- 
solved in nitric acid, sodium acetate added in excess, and sufficient acetio 
acid to dissolve any precipitate which has been produced, and then titrated 
by the following method, which we also owe to Mr, Pattison Muir : — 

Estimation of Bismuth by Potassium DichroTnafe,\ — A solution of 
recrystallised potassium dichromate {strength, 1 per cent.) is prepared. A 
known weight of pure bismuthoua oxide (Bi,0,) is dissolved in excess of ni- 
tric acid, and a solution of sodium acetate is added to this liquid until a co- 
pious white precipitate is throwu down; acetic acid is then added in quan- 
tity sufficient to dissolve the precipitate completely, and to insure that, 
when the liquid ia made up with water to a fixed volume, no precipitate 
shall be formed. A certain volume of this liquid is withdrawn by means 
of a pipette, placed in a beaker, and heated to boiling ; the potasainm di- 
chromate ia then gradually run in from a burette, the liquid being boiled 
between each addition of the solution, until a drop of the supernatant 
* Pattison Hair on " Certain Biamath Compounds." — Joum. Chmu Soe., p. 7, 
IBTB. 

\lbid., vol. i..p. 669, 1879, 
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Iqnid gives a faint reddish-brown coloration when spotted with silver ni- J 
trate on a white slab. 

Another very generally applicable volumetric method for bismuth I 
has been proposed by Mr. Muir.* This dejiends on the fact (observed by I 
Souchay and Letissen),f that normal bismuth oxalato splits up on boiling' 
into a basic oxalate of the composition Bi,0^0,O,+0n„ but slightly sol- 
uble in nitric acid. The process is performed by precipitating the bis- 
muth by excess of oxalic acid, dissolving the precipitate (first pnrified 
Irom free oxalic acid) in dilute hydrochloric acid, and lastly, titrating by 
permanganate. The absence of free hydrochloric acid before precipitat- 
ing must bo insured. 

4. SILVER. 



Silver =-108 ; specific gravity, 10-5 ; fusing point, 1023° (1873''F.) 
SUver, as separated in analysis, is either a very white, glittering, metallio 
bead, or a dull grey powder. It does not lose weight on ignition, and is 
Bolnble in dilute nitric acid. 

Chloride of Silver, AgCI — 143-5 ; specific gravity, 5-552 ; Ag 76-27 
per cent., CI 24-73 per cent., is a dense, white, curdy precipitate, when 
produced in the wet way. It is very insoluble in water, dilute nitiio 
acid, and dilute sulphuric acid ; in muny warm solutions (especially aqu- 
eous solutions of the chlorides generally), the alkaline and alkaline -earthy 
nitrates, and tartaric acid solutions, the silver is dissolved to an apprecia- 
ble extent, but deposited again on diluting and cooling. The complete 
solvents of chloride of silver are — ammonia, cyanide of potassium, and 
hyposulphite of soda. Chloride of silver cannot bo fused at a high heat 
without some slight loss by volatilisation ; on coal in the O.F., it fuses 
very easily to a globule. It can with soda be reduced to metal, and can 
also readily be reduced by ignition in a current of hydrogen, carbon ox- 
ide, or carburetted hydrogen gas. 

Sulphide of Silver, Ag,S ^248 ; specific gravity, 7'2 : Ag 87-1 per 
cent.. S 12-9 per cent.; when prepared in the wet way, ia a black precip- 
itate, insoluble in water, dilute acids, and alkaline sulphides. If ignited 
B;>iydrogen it may be reduced to the metallic state; it is soluble innitrio 
> with separation of sulphur. 

Preparations of Silver used m Medicine and the Arts. 

' (1.) Medicinal Preparations: — 
Jfilrate of Silver, AgNO, ; Ag 63-51 per cent., N,0, 36-49 per cent. 
I salt Ib either sold crystallised in colonrloss rhombic prisms, or in the 1 
..1877. Ur-n. diem. Pharm., vol. cv., p. 
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form of small while poncils or sticks, 
and Djtric acid, and etaiiiS tlic akin bluck. 100 purts dissolved in dis- 
tilled water should give, with hydrochloric acid, a precipitate which, 
■when washed and dried, weighs 83'4 parts. The silver is, however, far 
more quickly estimated by the blow-pipe than in tlie wet way. One gnn. 
fused in a cavity on charcoal should give a little globule of metallic sil- 
ver, weighing about "0351 grm. The chief adulterations of this sub- 
stance are copper, lead, and nitrate of potash. If all the silver is pre- 
cipitated by hydrochloric acid, carefully filtered off, and the filtrate evap- 
orated to dryness, any residue will denote adultenitiou or impurity. 

Argenii Oxidum, Oxide of Silver, AgjO = 233 ; Ag 93-19 per cent. 
A dark olive-brown lewder, soluble in ammonia and nitric acid. By ig- 
nition it readily yields metallio silver. The P.B. directs that 29 gi-aina 
of the oxide sliould yield 27 of metallio silver. 

Nitrate of Silver and Potash, Argenlum nitricum cum kali intrico 
(AgNOj-f-KNO,). — This preparation is contained in the Gei-man, Aus- 
trian, and Norwegian pharmacopoeias. It is directed that 100 parts of 
ihe German and Austrian preparations should, on analysis, yield not less 
than 37 parts of chloride of silver (20'3 Ag), and the Norwegian less than 
42-05S parts of chloride of silver (31*64 Ag) ; the first being prepared in 
the proportion of 1 of silver nitrate to 3 of potaasio nitrate, whilst in the 
Norwegian equal purts are used, 

(3.) Silver in the Arts. — The uses of the metal in coinage, articles 
lor domestic purposes, for ornament, &c., are too well known to require 
enumeration. The only forms in which silver is likely to give rise to ac- 
cident are the salts used in medicine, ijliotography, in the dyeing of hair, 
and in the manufacture of marking inks. 

Hair-dyes. — About one-half of the hair-dyes in use are made with 
nitrate of silver. The following are only a few of the recipes : — 

Aqua Orientalis. — Grain silver 3 drms., nitric acid 1 oz., steel fil- 
ings 4 drms,, distilled water \yi oz. — the whole finally made up to 3J4 
'fluid ozs., and filtered. 

Argentan Tinctvre. — Nitrate of silver 1 drachm, rose water 1 fluid 
oz., sufficient nitruic of copjier to impart a greenish tint. 

Eau d'Afrique.-^Two solutions— one of nitrate of silver, the other 
of potash, containiug ammonium sulphide. 

The photographer uses various salts of silver, the chief of which are 
— the nitrate, iodide, bromide, cyanide, and chloride of silver. 

Marking Inks. — Some of the more important recipes for marking 
ink are aa follows : — 

Nitrate of silver I'O part, hot distilled water 3'6 parts, mucilage, 
previously rubbed with sap-green, 1 -0 part. With this is sold a " pounce." 
■ preparation consisting of a coloured solution of sodic carbonate. 
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^^Sotber preparation is very aimilar, but with the addition of ammonia 
and some colouring-matter, Bueh aa indigo, ayrnp of buckthorn, or Bap- 
green. A third is made with tartaric acid and nitrate of silver, dissolved 
in ammonia solution, and coloured. 

Redwood's consists of equal parts of nitrate of silver and potassic bi- 
tartrate, dissolved in ammonia, with the addition of archil green and 
sugar ; according to the formula, 100 parts should equal 10-6 of silver ni- 
trate, 

So'aheiran''a Ink ia composed of eupric nitrate 3, argentic nitrate 8, 
flodic carbonate 4, and the whole made np to 100 parts, in solution of am- 
monia. In one of Mr. Reade's inks, besides silver, an ammoniacal solution 
of a salt of gold is used. 

Medicinal Dose of .SiVrer Coinpounda. — The nitrate and the oside of 
silver are given in doses from -OKia to -1296 grm. (% grain to 3 grains), 
Anything like -1944 to -3592 gi-m. (3 or 4 grains) would be considered a 
large, if not a dangerons dose ; but nothing definite is known as to what 
wonld be apotsotioits dose. 

Effects of Nitrate of Silver on Animals. — Nitrate of silver is changed 
into chloride by the animal fluids, and also forms a compound with al- 
bumen. Silver chloride and silver albnmenate are both somewhat solu- 
ble in solutions containing chlorides of the alkalies, which explains how 
-a metallic salt, so very insoluble in water, can be absorbed by the blood. 
The action of soluble salts of silver on animals has been several times 
investigated. There appears to be some difference between its effects on 
■warra. and cold-blooded nnimnls. In frogs there is quickly an esaltation 
■of the functions of the spinal cord, tetanic convulsions appear, similar to 
those induced by strychnine ; later, there is disturbance of the respira- 
tion and cessation of voluntary motion. 

The first sj-mptoms with dogs and cats are vomiting and diarrhcea ; 
muscular weaknees, paralysis, disturbance of the respiration, and weak 
-clonic convulsions follow. Kouget, as well as Cnrci, considers that tho 
action of silver is directed to the central nervous system ; there is first 
excitement, and then follows paralysis of the centres of respiration and 
movement. Death occurs through central aaphj-xia. According to the 
Teaearches of F. A. Falck, subcutaneous injections of silver nitrate into 
rabbits cause a fall of temperature of 6-7° to 17'C°, the last being the 
^preatest fall which, in his numerous researches on the effect of poisons 
on temperature, he has seen. 

Chronic poisoning, according to the experiments of Bogoslowsky on 
animals, produces emaciation, fatty degeneration of the liver, kidneys, 
and also of the muscles — a statement confirmed by others. 

Toxic Effects of Stiver Nitrate in ^fa)l—^l.) Acute Poimning.— 
This is very rare. Orfila relates an attempt at suicide ; but most of the 
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cases have been accidental, and ol these, in recent times, about five are 

recorded, mostly children. The accident is usually due to the applica- 
tion of the solid nitrate to the throat, as an escharotic, the stick break- 
ing or becoming detached, and being immediately swallowed ; such an 
accident is related by Scattergood, • A piece of silver nitrate, }^ inch 
long, slipped down the throat of a child, aged fifteen months — vomiting 
immediately occurred, followed by convulsions and diarrhcea ; chloride 
of sodium was administered, but the child died in six hours. In other 
cases paralysis and an uncouscious state have been observed. 

(2.) Chronic Poisoning, — Salts of silver taken for a long period 
cause a peculiar colour of the skin, the body becomes of a greyish blae 
to black colour ; it begins first around the nails and fingers, thea patches 
of a similar hue appear in different parts of the body, and gradually coa- 
lesce, being moat marked in those parts exposed to the light. The colour 
is not confined to the outer skin, but is also seen in the mucous mem- 
branes. There is also a slight infiammation of the gums, and a violet 
line around their edge. Ginpon observed this line after two months' 
treatment of a patient by silver nitrate ; the whole quantity taken being 
3'9 grms. (about 60 grains). The peculiar colour of the skin is only 
seen after large doses ; after 8 grms. taken in divided doses Chaillon 
could not observe any change, but after 15 grms. had been taken it was 
evident. So also Eeimor has recorded a case, in which, after a year's 
use of silver nitrate (total quantity, 17*4 grms.) a greyish-black colour of 
the face was produced, and, when nearly double the quantity had been 
taken, the colour had inviKk'd the whole body. 

Post-mortem Appearances. — In the acute case recorded by Scatter- 
good, the mucous membranes of the gullet, of the great curvature of the 
stomach, and parts of the duodenum and jejunum were eroded, and par- 
ticles of curd-like silver chloride adhered to the mucous membrane. 

In the case recorded by Riemer of the long-continued use of silver 
nitrate, the serous and mucous membranes were coloured dark ; th& 
choroid plexus was of a blue black ; the endocardium, the valves of th» 
heart, and the aorta pale to dark grey, as well as the rest of tlie vessels ; 
the colouring was confined to the intima. The liver and kidney also 
showed similar pigmentation. The pigment (probably metallic silver) 
was in the form of very fine grains, and, as regards the akin, was sit- 
uate under the liele malpighia in the upper layer of the corium, and 
also in the deeper connective tissue and in the sweat glands. Liouvilla 
has also found the kidneys of a woman similarly pigmented, who took 
silver nitrate daily for 270 days, in all about 7 grms., five years before 
her death. 

Detection and Estimation of Silver. — The examination of the solid 
• BHt. jtfid. Jourmi. May. 1871. 
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iiUta of silver nanally met with (viz., the nitrate, bromide, iodide, cyan- 
ide and chloride) is most apeedy by the dry method on charcoal ; iu thJa. 
way in less than 120 seconds any practioal chemiat could identify each. 
compound. The nitrate, bromide, iodide, and cyanide, all, if ignited on . 
charcoal, yield buttons of metallic silver — deflagration, bromine vapours, 
iodine vapours, and cyanogen vapoura, being the respective phenomena' 
observed. Chloride of silver f usea to a pearl-grey, brown, or black globnle 
on charcoal, according to its purity ; but is only in the R. F. gradually 
reduced to metal. With aoda, or fused in hydrogen or coal gas, the re- 
duction is rapid enough. 

Nitrate of Silver in solution might be identified by a very large 
number of tests, aiuce it forms so many insoluble salts. In practice ona 
is, however, satisfied with three tests — viz., (1) A curdy precipitate of 
chloride, on the addition of hydrochloric acid or alkaline chlorides, 
soluble only in ammonia, cyanide of potassium, or byjK)sulphite of soda ; 
(^) a yellow precipitate, but little soluble in ammonia, on the addition 
of iodide of potassium ; and (3) a blood-red precipitate on the addition 
of chromate of potash. 

The separation of silver from the contents of the stomach is best en- 
sured by treating it with cyanide of potassium ; for, unless a very large 
quantity of silver nitrate has been taken, it is tolerably certain that the 
whole of it has passed into chloride, and will, therefore, not be attacked 
easily by acids. The contents of the stomach, then, or the tissues them- 
selves, are placed in a flask and warmed for some time with cyanide »t 
potassium, first, if necessary, adding ammonia. The fluid is separated 
from the aolid matters by subsidence (for an alkaline fluid of this kind. 
will scarcely filter), and then decomposed by hydrochloric acid in excess. 
The flask containing this fluid is put on one side in a warm place, and. 
the clear fluid decanted from the insoluble chloride. The latter is now 
collected on a filter, well washed with hot water, and then dried and re- 
duced on charcoal ; or it may be put in a little porcelain crucible with a. 
rod of zinc and a few drops of hydrochloric acid. The silver is soon de- 
posited, and must be washed with water, then with sulphuric acid. By 
the aid of a wash-bottle the particles of silver are now collected on a 
small filter, again washed, and on the moist mass a crystal of nitrate of 
potash and a little carbonate of soda laid. The whole is then dried, and 
all the filter cot away, save the small portion containing the silver. 
This small portion is now heated on charcoal until a little button of pnra 
silver is obtained, which may first be weighed, then dissolTed in uttrio 
acid, and tested by the methods detailed. , 

In a similar way hair, suspected of being dyed with silver, caa I 
be treated with chloriDe gas, and the chloride dissolved in potaasio i 
cyanide. 
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Spots on linen, and, generally, very small quantities of silver may 
be detected by a si mple galvanic process : — The subatauce is treated with 
wlution of cyanide of potassium, and submitted to » weak galvanic cur- 
rent, using for the negative plate a slip of copper, for the positive, plat- 
inum ; the aiver ia deposited on the former. 
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Mercury — Hg^SOO ; specific gravity, 13 -596 ; boiling point, 350' 
(662°F.). This well-known and familiar flnid metal evaporates and 
flublimes to a minute extent at all temperatures above 5°. 

When precipitated or deposited in a finely divided state, the metal 
can be united into a single globule only if it is fairly pure ; verj' slight 
faiiy impurities especially will prevent the union. It is insoluble in hy- 
drochloric acid, soluble to a slight extent iu dilute cold sulphuric acid, 
and completely soluble in concentrated sulphuric and in nitric acida. It 
combines directly with chlorine, bromine, and iodine, which, in presence 
of free alkali, readily dissolve it. It is unalterable at 100°, and, when 
exposed to a high temperature, sublimes unchanged. 

Mermirous C/tlorida (Caiomol HgCl— 235o; specific gravity, '?*178; 
Buhliraiug temperature, 111-6° ; Hg 84 '94 percent.; CI 15'06 per cent.), 
when prepared in the wet way is a heavy white powder, absolutely in- 
soluble in cold, but decomposed by boiling, water. It may be converted 
into the mercuric chloride by chlorine water aud aqua regia. Chloride 
of ammonium, potassium, and sodium, all decompose calomel into me- 
tallic mercury and mercuric chloride. It is easily reduced to a metal in 
a tube with soda, potash, or burnt magnesia. 

•Sulphide of Mercury {Hg,S, Hg 86-21 per cent., 8 13-79 per cent.) 
is a black iwwder, dissolving iu nitromnriatic acid, but very insoluble in 
other acids or in water. It is also insoluble in alkaline sulphides, with 
the exception of potassic sulphide. 

Medicinal Prfparations nf Mercury. — Mercury in the liquid state 
has been occasionally administered in constipation ; its internal nse ia 
now (or ought to be) obsolete. Gmeliu has found samples contaminated 
with metallic bismuth — a metal which only slightly diminishes the flu- 
idity of mercury ; the impurity may be detected by shaking the mercniy 
in air, and thus oxidising the bismuth. Mercury may also contain 
various mechanical impurities, which are detected by forcing the metal 
by means of a vacuum pump through any dense filtering substance. Tin 
and zinc may be dissolved out by hydrochloric acid, and all fixed impur- 
ities (such as lead and bismuth) are at once discovered on subliming the 
metal. 
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Mercury andChalk (Hydrargyrum cum creta). — Mercury, 33 
cent.; chalk, 6C'67. 

Blue Pill [Pilnla hydrargyri). — Mercury in a finely divided state^ 
mixed witli cuntectiun of roses and liquorice root ; the mercury should , 
be in the proportion of 33'33 per cent.* 

Mercury Plaster (Emplastruvi hydmrgyri). — Made with mercury, 
olive oil, Bulphur, and lead plaster ; it should contain Hg 33 per cent, j 
sulphur, 18 per cent. 

Ammoniac and Jferctiry Plaster {Emplastrum ammor.iaci cum hy- 
draryyro.)—Q\nxi, ammonia, mercury, olive oil, and sulphur ; it should 
contain 19'8 per cent, of Hg, and ■! per cent of sulphur. 

Mercurial Ointment, Unguentum hydrargyri. — Mercury mixed ■ 
with lead and suet, all three in equal weights ; therefore it should con- 
tain 33*3 per cent, of mercury. 

Compound Mercury, Ointment, Vnguentum hydrargyri romposi- 
turn. — Made with ointment of mercury, yellow was, olive oil, and 
camphor ; it should contain 14-3 per cent. Hg, and 11*11 per cent, of 
camphor. 

Liniment of Mercury, Linimentum hydrargyri, Ja m«le of mercur- 
ial ointment, solutiou of ammonia, and liniment of camphor ; it may 
contain about 10 per cent, of mercury. 

Mercurial Suppositories, Suppositoria hydrargyri, composed of 
ointment of mercnrj, benzoated lard, white wax, and oil of theobroma. 

* Tbe chemical composition of blue pill varies according to Ita age. Harold 
Senier ha« made a careful series of analyses, with the foUowing result (Phann. 
Journal, Feb. 5. 1876) :— 
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It Bhonld contain about 11-11 percent, of Hg, andeachsnppoBitoryshonld 
weigh 15 gruins. 

Acetate of Mercury, Mercurona acetate, ia not contained in the B. 
P., bnt is officinal on the Coiitiiient. It is a salt occurring in whitfi 
micaceoua scalca, soluble in 133 parts of cold water, giving the reactions 
of acetic acid and mercury, and very readily decomposed. 

Mercuric Ethyl Chloride, Hydrargyrum athylo-chloratum, is used 
aa a medicine on the Continent. It occurs in while, glittering, crystal- 
line scales, which take on pressure a metallic appearance, and posaeea a 
peculiar ethereal odour ; it is but little soluble in water and ether, with 
difEcnlty iu cold alcohol, but copiously soluble on botling, and deposit- 
•ing crystals on cooling. It sublimea at about 40° without residue ; on 
quick heating it bums with a weak flame, developing a vapour of metal- 
lic taste and unpleasant odour. It gives no precipitate with silver ni- 
trate, nor with albumen. 

Corrosive Sublimate, Mercuric chloride, HgCl,^271 ; Hg 73 '8 per 
cent., CI 26'1 per cent. In commerce this salt occurs in transparent, 
heavy, colourless masses, which have a crystalline fracture ; if placed in 
the subliming cell described jit p. 229, it sublimes at about %%■%" (180°F.), 
and melts at higher temperaturea. The sublimate ia generally in groupg 
of plates drawn to a point at both ends, in crystalline needles, or in oc- 
tahedra with a rectangular base. It dissolves in 16 parts of cold water 
and about 3 of boiling, and ia very soluble in solutions of the alkiUine 
chlorides ; it dissolves alao in ether, and can be, to a great extent, with- 
drawn from aqueous aolutious by this agent. Alcohol dissolves nearly 
one-third its weight of the salt, and its own weight when boiling. It 
combines with albumen ; gives when in solution a precipitate of mer- 
curic oxide, when tested with solution of potash ; a white precipitate 
with ammonia ; a scarlet with iodide of potassium ; and a black precipi- 
tate of finely divided mercury with protochloride of tin. If a crystal 
{when placed in the subliming cell) gives a crystalline sublimate at 
about the temperature mentioned, and this sublimate becomes of a red 
colour when treated with a droplet of iodide of potassium, it can be no 
other substance than corroeive sublimate. 

Solvtiou of Perchloride of Meratry, Liquor hydraryyri perchlo- 
ridi, is simply 10 grains of perchloride of mercury and chloride of am- 
monium in a pint of water ; 100 cc. therefore should contain '114 grm. 
corrosive sublimate. 

Yellow Mercurial Lotion, Lotio hydraryyri Jlava. — Perchloride of 
mercury 18 graina, mixed with 1 ounce of solution of lime. 

Calomel," Hydrargyri subchloridum. — The properties of calomt^l 
> America a 
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^Ire been already dsBcribed. It sometimeB contains ae an imparity cor- 
rosive eubltmate, wliich miij be disBolved out by ether. Carbonate of 
lead, sulphate, and carbonate of baryta, gum, and starch, are the usual 
adultoranta mentioned. If on the ajiplication of heat calomel entirely 
sublimes, it muat bo free from the Bubstances enumerated. 

Bloc}; Mercurial Lofton, Lotto hyclrargyri nigra. — Calomel 30 
grains, mixed with 10 fluid uuncea of lime-water. 

Compound Pill of Subchloride of Mercury — Calomel and sulphnr- 
ated antimony, each 1 ounce, guiac resin 2 ounces, castor oil 1 fluid 
ounce. 1 grain {-Ofi-lS grm,) of calomel, and the aame quantity of anti- 
mony sulphide, are contained in every 5 grains (-324 grm. ) of the pill 
masB — i.e., calomel 20 per cent. 

Ointment of Suhchloride of Mercury, Unguenium hydrargyri eub- 
chloridi. — Calomel mixed with lard ; strength about 14"3 per cent. 

White Precipitate, ffgdrargyrum ainmoniaium,'SiiiB.gG\. — A white, 
heavy powder, subliming by heat without residue, and insolnble in 
water, alcohol, and ether. With soda, it yields a metallic sublimate. 
When boiled with potash, ammonia is evolved, the yellow oxide of mer- 
cury formed, and chloride of potassium passes into solution. It should 
contain 79-5 per cent, of mercury. 

The fusible white precipitate of the pharmacopceia of the Nether- 
lands does not appear to be of constant composition, varying between 
<i9'4 to 66'6 per cent, of mercury.* It melts on heating, and leaves as 
a residue chloride of sodium. 

Commercial white precipitate is frequently adulterated ; Barnes 
has fonnd carbonates of lead and lime, the latter to the extent of nearly 
2 per cent,t Calomel, according to N'ickleB,;^ has been substituted for 
white precipitate, but this was several years ago. The methods for de- 
tection are obvious. 

Ointment of Ammoniated Mercury, Unguentmn hydrargyri ammo- 
niati. — fi2 grains of the substance mixed with an ounce of simple oint- 
ment. 

Red Iodide of Mercury, Hydrargyrum iodidum rubrum, Ilgl,. — A 
■crystallino powder of a scarlet colour, becoming yellow on gentle heat- 
ing. It is very insoluble in water, one part requiring from 6000 to 7000 
parts ; soluble in 130 parts of cold, 150 of hot alcohol ; and dissolving 
ireely in ether, or in aqneous solution of iodide of potassium. 

Ointment of Red Iodide of Mercury, Unguentum hydrargyri iodidi 
Tubri. — 16 grains of the substance mixed with an ounce of simple oint- 
ment. 
^^VHtrsch, '• Die PrUfung der Arzeneimittei." 
^^kprooeed. Brit. Pharm. Con/.. 1867, p, 10. 
^^Bbttni. Utarm. et Ctiim., le Serie, 185ij, vol. viij,, p. 399. 
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Oreen Iodide of Mercury, ffydrargyri iodidum viride, HgL^T 
dingy, green ish-yellow powder, darkening on exposure to light, and 
easily decomposed into the red iodide. 

Red Oxide of Mercury, Hydrargyn Oxidum rtthrum, HgO = 216; 
Hg03*12 per cent. ; specific gravily, 11 to 11 -3 — amall, red, shitdng, crystal- 
line scales, very jusoluhle in water, requiring about 20,U(X) parts, entirely 
soluble in hydrochloric acid. By a heat below redness it may be volatU- 
ifled, and at the siime tima deeomposed into mercuiy and oxygen. Its 
principal impurity is nitric acid, readily detected by the nsual teats, or 
by heating in a test-tubo, when, if nitric acid is present, orange vapours 
will be CTolved, Fixed red powders (such as brick-dust and minium) 
are detected by being left as a residue, after the application of heat suf- 
ficient to volatilise the mercury. 

Sulphate of Mercury, — A white crystalline powder, decomposed by 
water, into the very insoluble basic salt of mercury, known aa 7\irbitk 
mineral, HgSO.SIIgO. 

Turbith, or Tarpeth Mineral, is contained in the French pharma- 
copceia, HgSO.ailgO ; Hg 82-i percent.; specific gravity 8-319 It re- 
quires for solution 3000 parts of cold, and 600 of boiling water ; but dis- 
solves with tolerable ease in hydrochloric acid. 

The Sulphide of Mercury, known in commerce under the name of 
Ethiops Mineral, is ofE^cinal in France, the Netherlands, and Germany. 
Its properties have been already described. The German and Dutch 
pliannacopceias require in it 60, the French only 3iyi iier cent., of me- 
tallic mercury. 

ffahnemau's Soluble Merairy, Hydrargyrum solttbile Hahnemanni'a 
officinal in the Dutch pharmacopceia. As found in commerce it contains 
metallic mercury, nitric acid, and ammonia. The mercury should be in 
the proportion of 3G'33 per cent., ammonia 3*44 per cent. 

Crystallised ]Viirate of Mercury, Hydrargyrtim nitrtcum oxidul<Uum, 
is officinal in the pharmacopoeias of Germany, Switzerland and France. 
The salt is in white crystals, giving the reactions of nitric acid and mer- 
cury, decomposed by the addition of water, but fully soluble in water, if 
first moistened with nitric acid. The formula of the neutral salt is Hg2- 
N'0,Hg02H,0, which requires CO 4 \kt cent, of mercury. 

An Ointment of Nitrate of Mercury, Ungnentum hgdrargyri nitratis 
is contained in the B.P.; it is made with 4 parts of mercury, nitrio acid 
Vi, lard 16, olive oil 32. 

A Chloride of Mercury and Quinine 6s.\s,ti in commerce, prepared by 
mixing 1 part of corrosive sublimate in solution with 3 parts of quinine 
chloride, evaporating and crystallising. 

Cyanide of Mercury. HgCy, is contained in the French pharmaco- 
pceia. It occurs in small, colourless, prismatic crystals, easily soluble in 
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If to tlie solution chloride of tin be added, a black precipitate of 
reduced metal and stannous oside Is thrown down, und the odour of prus. 
sic acid is developed. 

Mercuric Sulphide, Sulphide of Mercury , Cinnabar, Vermilion, is offic- 
inal in Germany, the Setherlanda, and France; HgS — 232; specific gray- I 
ity,solid, 8'2; Hg 86'21 per cent., 13-79 per cent. For medicinul par- : 
poses it is made artificially. It ia u beautiful red powder, insoluble in all 
alkaline and all acid liquids, with the exception of aqua regiH. The aolu- 
tion givea the reactions of a sulphide and mercury. On hi-ating, it must 
btuTi away entirely without residue ; adulterations or impurities are — 
minium, lead, copper, and other metals. The detection of minium is 
conveniently executed in the dry way. Pure cinnabar, when heated in 
a miitniss, gives a black sublimate, which becomes red on friction. It 
minium is present, sulphide of lead remains as a residue, und may bo 
recognised on coal ; the same remark applies to sulphide of antimony. It 
it be desired to take the percentage of mercury in cinnabar, equal parts 
of oxalate and cyanido of potassium should be well mixed with the cinna- 
bar, and heated in the bent tube described at p. 618 ; by this means the 
whole of the metallic mercury ia readily obtained.* 

Mercury in the Arts. — The use of mercury in the arts is so exten- 
sive, that any one in analj^ical practice is almost certain occasionally to 
meet with eases of accidental poisoning, either from the vapourf or soma 
of its combinations. 

Qnicksilver is used in the extraction of gold, the silvering of mir- 
rors, the constrnction of barometers, and various scientific Instruments 
and appliances ; also for the preservation of insects, and occasionally for 
their destraction-t An alloy with ztnc and cadmium ia employed by 
dentists for stopping teeth : but there ia no evidence that it has been at 
all injurious, the mercury, probably, being in too powerful a state of 
combination to be attacked by the fluids in the mouth.g Cinnabar baa 

•Dr. SutrohaspuhlishedaoasoCquoteil by Taylor), in which the vapour of ver- 
milion applied eitf mallj, produced poisonoua Hymptoms ; yet, according to Pol- 
lat, tbe Persians inhale it medicinally, smoking it with tobacco, cat-echu. muci- 
lage. 4c.. the only bad effect being an occasional Btomatitis.— Euienberg : " Oe- 
twrie Bygihir," p. 741. 

f Asin^ar caae is cited hj'TB.TA\eu[Etiuiemid.-Ugaltur rEmpoisoniiemfnt), 
ia which & man, supposing he had some inioerals contoiniog gold, attempted tho 
eitrai^tion by amalgamation witii mercury. He used a purtable furnace (for 
purpose of volatilising the mercury) in» smalt room, and his wife, i 
him, suffered from a very well-marked atomatitia and mercurial eruption. 

t Forty-three persona were salivated from fumigating rooms with mercury 
for llie purpose of destroying bugs (SunoenBchein's Haiidbtieh, p. M). 

g More danger is to be apprehended from the vulcanised rubber for artificial i 
teeth and. according to Dr. Taylor, accidents have occurred from the use of ( 
Wioh Bupporia or plates. 
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also been employeil to givG a red colour to confections, and it may be 
fouad in tapers, cigarette papers, imd other coloured articles. The ni- 
trate of mercury in solution finds application in the colouring of hom, 
in the etching of metaU, in the colouring of the finer sorts of wool, and 
in the hat manufacture. 

The sul]jliocyanide of mercury gives, when burnt, a most abundant 
asli, a fact utilised in the toy known as Pharaoh's serpent ; tho prodncta 
of combustion arc mercurial vapours and sulphurous anhydride. That 
the substance itself is poisonous is evident from the following experi- 
ment : — 5 grm. was given to a pigeon without immediate resnlt; hot 
ten hours afterwards it was indisposed, refused its food, and in fortv 
hours died without convulsions.* 

Acid Solution of Nitrate of Mercnry, Liquor hydrargyH nifratis 
acidun, a colourlesa, strongly acid liquid, giving the reactions for nitric 
acid and mercury ; specific gravity, 2 '346. 



Tht more Common Patent and Quack Medici 



ii>ig Mercury. 



Mordant's JVorian's Drops. — This patent medicine is a mixture of 
the tincture of gentian and ginger, holding in solution a little bichloride 
of mercury, and coloured with cochineal. 

Solomon's Anti-impefiffiaes is a solution of bichloride of mercury, 
flavoured and coloured. 

Poor Man's Friend. — An ointment of nitrate of mercury. 

Brown's LoMngea. — Each lozenge contains J4 grain of calomel, and 
3J4 grains of resinous extract of jalap , the rest ia white sugar and irag- 
acanth. 

Ching's Worm Lozenges. — Each lozenge contains 1 grain of calomel; 
the rest white sugar and tragacanth, with siiffron as a colouring matter. 

Storey's Worm Cakes. — Each cake 2 grains of calomel, 2 grains o( 
cinnabar, G grains of jalap, 5 grains of ginger, and the remainder sugar 
and water. 

Wright's Pearl Ointment is said to be made up of 8 ounces of white 
precipitate rubbed to a cream in 1 pint of Goulard's extract, and to the 
mixture is added 7 pounds of white wax and 10 pounds of olive oil, 

Keyser's Pills. — The receipt for these pills is — red oxide of mercury 
IJ^ ounce, distilled vinegar fdilute acetic acid") 1 pint ; dissolve, add to 
the resulting solution manna 3 lbs., and triturate for a long time before 
the fire, until a proper consistence ia attained ; lastly, divide the mass 
into pills of 1^ grain each. 

MitckelVs Pills. — Each pill coutaius aloes '8 grain, rhubarb^^ 

grain, calomel *lfi grain, tartar emetic '05 grain. j^^H 

> Eulenberg, Op. dt.. p. 743. ^^^M 
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Many AntiiiJious Pills will be found to contain onlomel; a few mer- 
cury in a finely divided state. 

Mercury in Veferinary Medicine. — FannerB and farriere uee fhe 
ointmenl {bine ointment) to a daugeroua extent, aa a, dressing for the fly, 
and wholesale poisoning of sheep has been in several instaDcea the oon- 
eequence.* Ethiopa mineral and Turpeth mineral are given to doga j 
when affected by ibe diBtem])er, worms, or the mange. Mercury, Low- 
tver, is not very frequently given to cuttle by veterinary surgeons, mmi- 1 
uauts generally appearing rather suaceptible to its poiaonoiia efFecta. 

Medicinal and Fatal Do»e — Horses. — Cinnabar 14-2 grms, (>4 oz.), 
calomel \^-i grms. (j-s oz,) or more, corrosive sublimate -13 to -38 grm. 
(2 to C grainsj, and as much as 1"3 grm. (20 grains) have been given in 
farcy. 

Cattle. — Mercury with chalk 3'8 to 11-6 grms. (1 to 3 drma.), calo- I 
mel 3-8 to 77 grms. (1 to 2 drms.) ; in worms, 65 to 1-3 grm. (10 to 20 J 
drn:s.) aa an alterative; Ethiops mineral, 77 to IS'Sgnns. (Stoidrms.)- 

Do'js. — Ethiops or Turpeth mineral -13 to 13 grm. (3 to 20 graina), 
according to the size. 

Fowls. — Mercury and chalk are given in fractions of a grain, 

ffogs are also treated with mercury and chalk ; the dose usually given 
does not exceed 33 grm. (5 grains). 

It may be remarked that many doses quoted appear very large ; the 
irriter cannot but consider that 20 grains of corrosive sublimate admin- ' 
istered to a horse would be more likely to kill the animal than to cure 
the disease. 

Man. — Corrosive sublimate has been fatal in a doae so small aa -lO 
grra. (3 graina) ; white precipitate has caused dangerous symptoms in 
doses of from 1-9 to US grm. (-30 to 40 grains) ; the cyanide of mercury 
has killed a person in a dose of -64 grm. (10 grains) — Chrintison ; and 
Turpeth mineral lias proved fatal in doses of 2-f< grms. (40 grains). 

Other preparations of mercury have also been fatal, but a doubt haa 
existed as to the precise quantity. Sometimes, also, there is probably a 
chemical change in the substance, so that it is impossible to state the 
falal dixse. For example, it is well kTiown that calomel, under influence 
of alkaline chlorides, can be converted into the bichloride — a fact which 
probably explains the extensive corrosive lesions that have been found | 
after death from large doses of calomel. 

Poisoning by Mercury — Statistics. — In the Registrar-General's death 
returns for the five years ending 18S0, it appears that in England the 



• Twenty-five tons of blue 
a druggist in Boston, Lincolnshire. 
icalJurisprudence." vol, j., p. 2TB. 
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deaths from mercurial poisonmg* were 22 males, 15 females ; total 37, 
or alout 2'3 per ceut. of the total deaths from every kind of poison. 
Three were children, the rest adults ; 17 or 46 per cent, of the cases were 
suicidal. 

The effecta of the different compounds of mercnry may be divided 
into two groups, viz: — (1) Those ciiused by ibe finely divided metal and 
the non-corrosive compounds ; (2) the effects caused by the corrosive 
compounds. 

(1.) Effects of Mercurial Vapour, and of the Non-Corrosive Compounds 
of Mercury. 

(a) Vegetable Life. — Priestly and Bouasingault have shown that 
plants under a glass-shade in which mercury is exposed in a saucer, first 
exhibit black spots on the leaves ; ultimately, the latter blacken entirely, 
and the plants die. 

{b) Animal Life. — Mercury in the form of vapour is fatal to animul 
life, but it is only by repeated and intense application, Eulenbergf 
placed a rabbit under a large glass-shade, and for four days exposed it 
daily for two hours to the volatilisation of a grms. of mercury on warm 
sand ; on thesisth and seventh day 1*5 grm. were volatilised. On the 
fifteenth day there was no apparent change in the aspect of the animal ; 
5 grma. of mercury were theu heated in a retort, and the vapour blown 
in at intervals of ten minutes. Fourteen days afterwards the gums wera 
reddened and swollen, and the appetite lost ; the conjunctiva were also 
somewhat inflamed. The following day these s>Tnptoms disappeared, and 
the animal remained well. 

In another experiment 20 grma. of mercury were volatilised, and a 
rabbit exposed to the vapour uuder a small glass-shade. The following 
day the conjunctivje wera moist and reddened ; two days afterwards 10 
grms. of mercury were volatilised in the same way ; and in two days' in- 
terval other 10 grma. were volatilised in three-quarters of an hour. 
There was no striking change noticeable in the condition of the animal, 
but within forty-eight hours it was found dead. The cause of death, 
proved to be an extravasation of blood at the base of the brain. Tha 
bronchia were reddened throughout, and the lungs congested. Mercury, 
as with man is also readily absorbed by the broken or unbroken skin ; 
hence thousands of sheep have been poisoned by the exceaaive and igno- 
rant external application of mercurial ointment as a remedy against the 
attacks of the fly. The sheep become emanciated. refuse food, and seem 
to be in pain, breathing with short quick gasps 

•The deaths are registered under the term ■'Mcrcurif" but the majority are 
poisonings by ■' Corrosive Sublimate." 
t Op. eit., p. 728, 
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expttrimente on rabbits, doga, and warm-blooded animals gener- 
ally, saliTation und stomatitis are found to occur as regularly as iu umn ; 
so also in botb paralytic and other nerToua affections have been r<^corded. 
(c) Effects on Man. — In ISIO* an extraordinary accident produced, 
perhaps, the largest wholesale poisoning by mercurial vapour on record. 
The account of this is us foUows : — H.M.S. Trivjitph, of seventy-four 
guns, arrived in the barliour of Cadiz in the month of February, 1810 ; 
and in the following March, a Spanish vessel, laden with mercury for the 
South American mines, having been driven on shore in a gale, was 
wrecked. The Triumph saved by her boats 130 tonaof the mercury, and 
this was stowed on board. The mercury was first confined in bladders, 
the bladders agaiu were enclosed in small barrels, and the barrels in boies. 
The heat of the weather, however, was at this time considerable ; and 
the bladders, having been wetied in the removal from the wreck, soon 
rotted, and mercury, to the amount of several tons, wasspeedily ditTused 
as vapour through the ship, mixing more or leas with the bread and the 
other provisions. In three weeks 200 men were affected with ptyalism, 
ulceration of the mouth, partial paralysis, and, in many instances, with 
diarrhtea. The Triumph was now ordered to Gibraltar, the provisions 
removed, and efforts were made to cleanse the vessel. On restow- 

the hold, every man so employed was salivated. The effects noted 
not confined to the officers and ship's company ; for almost all the 
&tock died from the fumes — mice, cats, a dog, and even a canary bird 
shared tlie same fate, though the food of the latter was kept in a bottle 
closely corked up. The vapour was very deleterious to those having any 
tendency to pulmonic affections. Three men, who had never complained 
before they were saturated with mercury, died of phthisis ; one, who had 
not had any pulmonic complaint, was left behind at Gibraltar, where hia 
illness developed into a confirmed phthisis. Two died from gangrene of 
the cheeks and tongue, A woman, confined to bed with a fractured 
Junb, lost two of her teeth ; and many esfoliations of the jaw took place. 
Accidents from the viipour of mercury, quite independently of its 

ilication in the arts, have also occurred, some of them under curious 

iumstaaces, such, for example, is the case mentioned in the footnote 
p. 573. Witness, again, a case mentioned by Seidel,t in which a fe- 

!e, on the advice of an old woman, inhaled for some affection or other 
H-S grains of mercury poured on red-hot coals, and died in ten days with 
all the symptoms of mercnrial poisoning. 

The metal taken in bulk into the stomach has been considered non- 
poisonons, and, probably, when perfectly pure, it is so ; we have, howev- 

* An account of the effect of mercurial vapours on the crew of His Majesty's 
Ship Triumph, iu the year 1810.— P^iti. Trans., 118. 1838. 

f M 
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er, the case of a girl wlio awallowed 4J^ oz. by weight of the liquid H 
al, for the purpose of procuring abortion — thia it did not effect ; but, ia 
a few days, she suffered from a trembling and shaking of the body and 
loss of mnsciilar power. These sj-mptoma continued for two months, but 
there was no salivation and no bloe marks on the gums. This case is a 
rare one, and a pound or more has been taken without injury. 

Mercury in a finely-divided form, rubbed into the akiu, is absorbed 
and all the effects of mercurialism result. This method of administering 
mercury for medicinal purposes has long been iu use, but when the in- 
unction ia excessive, death may occur. Thus, Lcibliuger records a case 
in which three persons were found dead in bed ; the day before they had 
rubbed into the body, for the purpose of curing the itch, a aalvo contain- 
ing 370 grms. of mercury finely divided. 

It is difficult to say in what proportion workers in mercury, such as 
water-gildere, &.c., suffer. According to Hirt, not only do To to 2'1 per 
cent, of the workmen employed in smelting mercury ores suffer acntely, 
but as high a proportion as 8-7 per cent arc slightly affected. 

The symptoms of poisoning by mercury vapour, or by the finely di- 
vided metal, arc the same us those which arise from the corrosive salts', 
with the exception of the local action. In mild cases there ia pallor, 
languor, and sore mouth (from slightly iu^med gums), foetid breath, 
and disorder of the digestive organs. If the action is more intense, there 
is an inflammation of the guma and. Indeed, of the whole mouth, and 
salivation, which is sometimes so profuse that as much as two gallons of 
saliva have been secreted daily. The saliva isalkaline, has a bad odour, 
and its specific gravity in the early stages is increased ; but ultimately 
becomes normal on certain places — the gums are raised into slight Hwell- 
ings, which gradually enlarge and coalesce. The teeth that are already 
carious decay more rapidly ; they become loose, and some may be shed ; 
the inflammatory action may extend to the jaw, and necrosis of portions 
of the bone is no unusual occurrence. On recovery, the cheeks sometimeS' 
form adhesions witli the gums, and cicatrices always mark the loss of 
substance which such an affection entails. With the stomatitis there are 
distiirbaucea of the gastro- intestinal tract — nausea and vomiting, pain ia 
the stomach, and diarrhcea alternating with constipation. Conjunctivi- 
tis is very common, both on man and animals, from exposure to mercury 
vapours. The further action of the metal is shown in its profound ef- 
fects on the nervous system. The patient is changed in his dispoaitioa; 
he is excitable, nervous, or torpid ; there are sleeplessness and bad 
dreams, and at the same time headache, noises In the ears, giddineagj. 
fointluga, &,q. 




Mercnriiil tremor* may follow, or accompany the above state, 
may be the chief and most prominent effect. It specially affects the 
arms, partly withdrawing the muacles from the control of the will, so 
that a person affected with mercurial tremor is incapacitated for follow- 
ing any occnpation, especially those refjuiring a delicate and steady 
toach. In casea seriously affected, the tremor spreads gradnally to the 
feet and lega, and finally the wliole body may be invaded. Tlie patient 
is no longer master of his muscles — the muscular system ia in anarchy^ 
each muscle aimlessly contracting and relaxing independently of the i-est; 
the movement of the legs becomes uncertam, the speech stuttering, the 
facial expressions are even distorted into grimaces, and the sufferer sinks 
into a piteous state of helplessness. The convulsive movements general- 
ly cease during sleep. The tremors are accompanied by interference 
with the functions of other organs : the respiration is weakened and diffi- 
cult ; dyspnoea, or an asthmatic condition results ; the pulse is small and 
Blow ; paresis deepening into paralysis of the extremities, or of a groap 
of muscles, follows ; and, lastly, if the condition is not alleviated, the 
patient becomes much emaciated and sinks from exhaustion. Pregnant 
women are liable to abortion, and the living infants of women suffering 
from tremor have also exhibited tremor of the limbs. 

In the case of the " mass poisoning " on board the Triumph, it has 
been mentioned that several of the sailors became consumptive, and the 
Mime effect has been noticed among all workers in the metal ; it is now, 
indeed, an accepted fact that the cachexia induced by mere u rial ismus^ 
produces a weak habit of body specially liable to the tuberculous infection. 

The course of the poisoning is generally more rapid when it has re- 
nilted from the taking of mercury internally as a medicine than when 
inhaled by workers in the metal — e.g., a patient snffering from mercurial 
tremor shown to the Medical Society by Mr. Spencer Watson in 1872, 
had resisted for seven years the influence of the fumes of mercury ; and 
then succumbed, exhibiting the usual symptoms. Idiosyncrasy plays a 
considerable r6U ; some persona (and especially those whose kidneys are 
diseased) bear small doses of mercury ill. and are readily salivated or af- 
tacted : this is evidently due to imperfect elimination. 

Jifercnric Meihirh—Ks (CH,),.— This compound is obtained by the 

•A case of mercurial tremor (in BeriehtdeaK. K. Mgem. Krankenhauu* ni 
Wien tm Jahre, 1873. Wien. 1873). is interesting, aa Bhowing the influence of 
pf^gnanc:?. A woman, twenty years of age, employe-l io making barometers, 
had. in 1M9. mercurial tremor and salivation. During a three months' pregnancy 
the tremor reased, but again appeared af t*r she had aborted. She again became 
pregnant, and the tremor ceased until after her confinement in November. 1871. 
Tlie tremor was ao violent that the patient could not walk ; she also had stoma- 
titis; bat ultimately ,by treatment with galvanism and other remedies, she recov- 
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action of methyl iodide on sodium amalgam in the presence of acetic 
ether. It is a dense, stable liquid, of highly poisonous properties. In 
1865, mercuric methide in course of preparation in a London laboratory, 
caused two cases of very serious slow poisoning.* One was that of a 
German, aged thirty, who was engaged in preparing this compound for 
three months, and during this time his sight and hearing became im- 
paired ; he was very weak, his gums were sore, and he was ultimately 
admitted into St. Bartholomew's Hospital, February 3rd, 1865. His 
urine was found to be albuminous, and his mental faculties very torpid. 
On the ninth he became noisy, and had to be put under mechanical 
restraint. On the tenth he was semi-comatose, but there was no paraly- 
sis ; his breath was very offensive, his pupils dilated ; at intervals he 
raised himself and uttered incoherent howls. There was neither sensa- 
tion nor motion in the left leg, which was extended rigidly ; the knee 
and the foot were turned slightly inward. On the fourteenth he died 
insensible. 

The only appearance of note seen at the autopsy was a congestion of 
the grey matter in the brain ; the kidneys and liver were also congested, 
and there were ecchymoses in the kidneys. 

The second case — a young man, aged twenty-three, working in the same 
laboratory, was admitted into the Hospital, March 28th, 1865. In the 
previous January he had been exposed to the vapour of mercuric 
methide for about a fortnight ; during the illness of the other assistant 
he felt ill and weak, and complained of soreness of the gums and loose- 
ness of the teeth. He had also dimness of vision, pain and redness of 
the eyes, giddiness, nausea and vomiting — the ejected matters being 
greenish and watery. At the beginning of March his sight and taste 
became imperfect — all things tasted alike ; his tongue was numb and his 
gums sore, he was also salivated slightly. A week before admission he 
lost his hearing, and first his hands and then his feet became numb ; on 
admission his breath was very offensive, his pupils dilated ; the sight 
impaired ; he was very deaf, and his powers of speech, taste, and smell 
-were deficient. There was anaethesia of the body, and the movement of 
the limbs was sluggish and difficult. He continued in the hospital for 
nearly a month, with but little change. On April 24th, it was noticed 
that he was getting thinner and slightly jaundiced ; he moved his arms 
aimlessly in an idiotic manner, and passed his urine involuntarily. On 
April 27th he was more restless, and even violent, shrieking out and 
making a loud, incoherent noise, or laughing foolishly ; he passed his 
motions and urine beneath him. On July 7th he was in a similar state 
— perfectly idiotic. He died on April 7th, 1866, about a year and three 
months from his first exposure to the vapour; the immediate cause of 

* St. Barth. Hoap. Reports, vol. i. 1866, p. 141. 
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4eath was pneninoiiiiL The post-mortem appearanCfiB of the brain and 
raembnmea differed little from the normal state ; the grey matter wa,a 
pink, but otherwise healthy; there waa a considerable amount of cere- 
bro-apiual fluid ; the arachnoid along the loogitudiiial fissure was thick- 
ened ; the total weight of the brain with medulla was 41 ozs. The stom- 
ach was of enormous size ; the pyraniida of the kidneys were congested, 
was also the small intestine ; the lungs showed the usual signs of 
monia, • 

Effects of the Corrosive Salts of Mercury. — The type of the corro- 
Bulta IS mercuric chloride, or corrosive an bh mate — a compound which 
violently when iwiminiaterod. either externally or internally, in large 
t If the poison has been swallowed, the symptoms come on almost 
immediately, and always within the first half hour ; the whole duration 
alao is rapid. In thirty-sii cases collected by F. A. Falok, eleven died on 
the first or second day, and eleven on the fifth day ; so that 61 per cent, 
died in five days — the remainder Uved from six to twenty-six days. The 
shortest fatal case on record is one communicated to Dr. Taylor by Mr. 
Welch — in this instance the man died from au unknown quantity within 
half-an-hour. 

In the very act of swallowing, a strong metalUc taste and a painful 
eensation of constriction in the throat are experienced. There is a burn- 
ing beat in the throat extending downwards to the stomach. AH the 
tnucouB membranes with which the solution comes in contact are at- 
tacked, shrivelled and whitened ; so that, on looking into themouth, the 
appearance has been described as aimilar to that produced by the recent 
application of silver nitrate. The local changes may bo so intense as to 
cause (Edema of the glottis, and death through asphyxia. In a few min- 
ntos violent pain is felt in the stomach : so much so, that the sufferer is 
drawn together, and is in a fainting condition ; but there are rare cases 
in which pain has been absent. There are nausea and vomiting— the 
ejected matters being often atreaked with blood ; after the vomiting there 
ii purging ; here also the motions are frequently bloody. J The tempera- 
ture of the body sinks, the respiration is ditScult, and the pnlse small, 
frequent, and irregular. TJie urine is generally scanty, and sometimes 

k» St. Barih. Hasp. Rfporfs. vol. U.. p. 311. 
f The etfects on animals are similar to those on man, Richnni Mead gave a 
Hog with bread 3 8 grms. (60 grains) of corrosive sublimate :—'• Within a quarter 
flf an hour he fell into terrible conralsiona, casting up frequently a viscid frothy 
macouB. every time more and more bloody, till, ttred and spent with hia hard 
Mrvice, he lav down quietly, as it were, toeleep. but died Ihc next mnming." 

J The mixture of hlood with the eTadiations is more constantly observed in 
i yrfaoning by corrosive sublimate than in poisoning by arsenic, copper, or lead. 



583 



POISONS: THEIE EFFECTS AND DETECTION. 



completely suppreBsed.* Sometimes there is profuse hietnorrhage I 
the bowel, stomai^h, or other mucous membrane, aud such cases are ac- 
compauied by a considerable diminution of temperature. In a. case re- 
corded by Ixewy.t after a loss of blood by vomiting and diarrbtBa, the 
temperature sank to 33^4. The patient dies in a state of collapse, or in- 
sensibility, and death is often preceded by convulsions. 

Two remarkiible cases of death from the external use of corrosiTQ 
sublimate are recorded by .^Vndcrseek. An ointment, containing corrosive 
sublimate, was rubbed into the skin of two girls — servants, in order to 
cure the itch. The one, during the inunction, complained of a burning 
of the skin ; the other also, a little while after, suffered in the same way. 
During the night the akiu of each swelled, reddened, and became acutely 
painful. There were thirst and vomiting, but no diarrhcea. On the fol- 
lowing day there was an eruption of blebs or Uttlo blisters. On the third 
day they had diarrhcsa, tenesmus, fever, and diminution of the renal se- 
cretiou ; on the fourth day, fcetid breath, gtomatitis, 'hypenesthesia of 
the body, and a feeling of " pins and needles" in the hands and feet were 
noted. The first girl died in the middle of the fifth day, fully conscious ; 
the other died on the sixth. Ho also TaylorJ gives the case of a girl, 
aged nine, who died from the effects of an alcoholic solution of corrosive 
sublimate (strength, SO grains to the ounce) applied to the scalp as a 
remedy for ringworm. The same authorg further quotes the case of two 
brothers who died — the one on the fifth, the other on the eleventh day, 
from the effects of absorbing corrosive sublimate through the nnbrokea 
skin. 

Tfte Xitrates of Mercury are poisons, but little {if at all) inferior in 
corrosive action to mercuric chloride. Death has resulted from both the 
external and internal use. Application of the nitrate as an escharotic to 
the OS uteri, in one case,!! produced all the symptoms of mercurial poi- 
soning, but the woman recovered ; in another case,^ its use as a liniment 
caused death. 

When taken internally, the symptoms are scarcely different from 
those produced by corrosive sublimate. It seems au unlikely vehicle for 
criminal poisoning, yet, in the case of Reg. v. E. SmilA (Leicester Snm- 

• In a ease recorded by Dr. Wegeler (Casper's Woehenni-hrift. Januair 10. 
1848, p. 80) a youth, aged Beventeen, swallowed 11 -G gnus, (Sdrachmfl) of tlie poi- 
son. Nu pain was experienced on pressure of the abdomen ; he died on tha (i 
day, and during the laat tliree days of life no urine was secreted. 

t VierteljalirgKkr. far ger. Med, 1864, 
X Op. nt. % •■ : 

I Metl. Oaielle, vol. 4S, p, 1.035. 
% Edin. Monthly Journal, 1684, p. 18T. 
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1857), a girl was proved to have put a solution of nitrate of 
mercury in some chamomile tea, which had heen prescrihed for the pros- 
ecutrix. The nauseous taste prevented a fatal dose heing taken ; hut 
the symptoms were eerioua. 

Mercuric Cyanide acts in a manner Tcry similar to that of corrosiTe i 
sublimate, 1 '3 grni, (about 20 grains), in one caee,* and in another, \ half 
the quantity having destroyed life. 

Whiie Precipitate (ammoniated mercury), as a poison, is weak. Out ' 
of fourteen cases collected by Taylor, two only proved fatal ; one of these- 
formed the subject of a trial for murder, {Iteg. v. Moore ; Lewes Lent 
38, 181)0), The effects produced are vomiting, purging, &c., as in 
livo sublimate. J Other preparations of mercury, such as the red 
iodide, the persulphide, and even calomel, g have all a more or less intens& 
poisonous action, and have caused serious symptoms and death. 

Treatment of Acute and Chronic Poisoning. — In acute poisoning, 
vomiting usually throws off some of the poison, if it has been swallowedj 
and the best treatment seems to be, to give copious albuminous drinks, 
Buch, for example, as the whites of eggs in water, milk, and the like. 
The vomiting may be encouraged by subcutaneous injectiyns of apomor- 
phine. The after-treatment should be directed to eliminating the poi- 
son, which is most safely effected by very copious drinks of distilled ' 
water. — [See Appendix.] 

The treatment of slow poisoning is mainly symptomatic ; medicinal 
doses of zinc phosphide seem to have done good in mercurial tromors. 
Fotassic iodide is also supposed to assist the elimination of mercury. 

Post-mortem Appearaiices. — The pathological effects seen after chron- 
ic poisoning are too various to he distinctive, but in acute poisoning (es- 
pecially by the corrosive salts) the changes are great and striking. After 
rapid death from corrosive sublimate, the escharotic whitening of the 
moutli, throat, and gullet, already described, will be seen. The mucous 
membrane right throughout, from mouth to anna, is more or less affected 
and destroyed, according to the dose and concentration of tlio poison. 
The usual appearances in the stomach are those of intense congestion, 
with ecchyuioses, and portions of it may he destroyed. Sometimes the 
coats are very much blackened ; this ia probably duo to a coating of sul- 
phide of mercury. 

In St. George's Iloapital Museum (Ser. ix.. 43, p. 837) there is a stomach, 
ruber large, with thickened mucous coatd, and having on the mucous surface a 

• Or/Uti. i. . p. 7B5, t Chrietison, p. 427. 

t See Dr. Th. Stevenson. " Poisoning by WUt* Precipitat«."—Cuy'8iftw/it(aI 
Beporta, vol. xii., p. 415. 

g Seidel quotas a case from Hasaelt, in which a father, for the purpose of ob- 
"■"i"^ insurance moue;, killed his chilld by calomel. 



584 



POISON'S: THEIK EFFECTS A5D DETECTION. 



Beriea of parallel black, or black-brow-n lines of deposit ; it ■waa derived i 
patient who died from taking corroaiTe Bublimate. With the sevei 
meutioned, jterforatiou is rare." In the inCeslines there are found h 
cztraraeatioaa, loosening of the mucousmeubrane, and other cliauges. llieaa- 
tioD in particularly inteDse about the ciecuni and sigmoid flexure ; in one ca^f- 
indeed, there was little inflammatory rednees of the stomach or of the greatei 
portion of the intestine, but the whole surface of thec*ecum whs of a deep black- 
red colour, and there were patches of sloughing in the cuate. The kidneys are 
often swollen, congested, or inflamed ; changes in the respiratory organs are not 
constantly seen, but in a majority of the casea there have been redness and 
swelling of the laryux, trachea, and bronchi, and ttomettmes hepatisation of 
smaller or larjter portions of the lung. 

In St. Geoi^e's Hospital Museum, tliere are (from a patient dying in the hos- 
pital) preparations wbich well illustrate what pathological changes may be ex- 
pected in any case surviving for a few days. The patient was Francis L , 

aged 45, admitted tt> the hospital, February 87, 1842. He took a quantity of cor- 
Tosive sublimate spread on bread and butter, was immediately sick, and was un- 
able to take as much as he bad intended. The stomach-pump and other reme- 
dies were used. On the following day his mouth was sore, and on March 1st his 
vision was dim ; his mouth was drawn over to the right side, and he lost power 
over the left ejehd, but he had no pain ; he passed some blood from the bowel. 
On the 3nd he passed much blood, and n-asealivated; still no pain. On Marcb4, 
on the evening of the sixth day, he expired ; he was drowsy during the last day, 
and passed watery evacuations. 

Prep. 14a, Ber.ijc., shows the pharynx, QfSOphagUB. and tongue; there is ulcer- 
ation of tlie tonsils, and flbrinous exudation on the gullet. The stomach (43 b. 
190)ahows a largedark slough, three inches from the r^trdiac extremity; the mar- 
gin Burroundins the slough is thickened, ulcerated, and irregular in shapes tliB 
submucous tissue, to some extent, being also thickened; there is fibrine in the ile- 
um, pharynx, and part of the larynx. Tlie action extended to the whole intes- 
tine; the rectum in prep. 145 a, 3fl, is seen to be thickened, and has uujneroUB 
patches of effused fibrine. 

It is a curioua fact that the external application of corrosive subli- 
mate causes inOammatory chauges in the alimentary caual of nearly the 
same intensity as if the poison ha4 been swallowed. Thus, in the esse 
of the two girla meutioned ante (p. 682), there was found an intense in- 
lamination of the stomach and iutesLines, the mncous tissues being scar- 
let-red, Bwolleu, and with numerous extravasations. 

The effects of the nitrate of raereurr arc similar to the preceding ; 
in the few cases which have been recorded, there has been intense red- 
ncBB and in0ammatiou of the stomach and intestines, with patches of 
eechymoeis. White precipitate, cyanide of mercury, mercuric iodide, 
and mercnrouB sulphide (turpeth-raineral), have all caused inSammntion, 
more or less intense, of the intestinal tract. 

Elimination of Mercury. — The question of the channels by which 
mercury is eliminated is of the first importance. It wonld appear cer- 

• There la only one case of perforation an record, t Lawxt, 1845, p. 700. 
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tain that it can exist in the body for some time in an inactive state, and 
then, from some change, be carried into the circulation and show its 
effects,* Voit considers that mercury combines with the albuminous 
bodies, separating upon their oxidation, and then becoming free and 
actiTe. t 

The main channel by which absorbed mercury passes out of the 
body is the kidneys, whilst mercurial compounds of small solubility are 
in great part excreted by the bowel. A. Bynssen,J after experimenting 
with mercuric chloride (giving 015 to '15 grm., with a little morphine 
hydrochlorate), came to the conclusion that it could be detected in the 
urine about two hours, and in the saliva about four hours, after its ad- 
ministration ; he considered that the elimination was finished in twenty- 
four hours. 

From the body of a hound that, in the course of thirty-one days, 
took 2*789 grms. of calomel (2*368 Hg) in 87 doses, about H per cent, 
of the substance was recovered on analysis : — 

Merouroas Sulphide. 

In th« faeces 2*1175 

urine, 0-0550 

brain, heart, lungs, spleen, pancreas, kidneys, bcio- 

tum. and penis, 0*0090 

., liver, 0-0140 

,« muscles. 0*0114 






2-2060 



This equals 1*9 of metallic mercury. § Thus, of the whole 2*2 grms. 
of mercuric sulphide separated, over 95 per cent, was obtained from the 
loBces* 

This case is of considerable interest, for there are recorded in toxi- 
cological treatises a few cases of undoubted mercurial poisoning in which 
no poisoD had been detected, although there was ample evidence that it 
had been administered by the mouth. In such cases, it is probable, that 
the whole length of the intestinal canal had not been examined, and the 
analysis failed from this cause. When (as not unfrequently happens) 

* Toson gave a mare, first, 4 grains, and afterwards 5 grains of corrosive 
sablimate twice a day ; at the end of fourteen days, in a pint of urine no mer- 
cury was detected, but at the end of three weeks it was found. 

t Voit, FhjfsidL Chem, Unters., Augsburg, 1857. 

X Journal de VAnat et de Physiol, 1872, No. 5, p. 500. On the separation of 
mercury by the urine, see also Saikowsky in Virchow's Archives, 1866. 

§ Riederer. in Buchner's Neues Repert /. Pharm., Bd. xvii. 8, 257, 1868. 
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the mercurial poison has entered bj the skin, it is evident that the moS^ 
likely localities are the urint', the liver, and the kidneys,* 

In a case related by Vidaljf the Liquor Bellostii (or solnliou of mer- 
curic nitrate) was ordered by mistake instead of a liniment. Although 
esternully applied, it caused salivation, profuse diarrhuea, aod death in 
nine days. The whole of the iutcstinal tract was found JnBanied wilh 
extravasations, and mercury detected iu the liver. 

In any ease of external application, if death ensues directly from 
the poiaon, evidence of ita presence will probably bo found ; but too 
* much stress must not be laid upon the detection of mercury, for, as Dr. 
Taylor says, " Nothing is more common than to discover traces of mer- 
cury in the stomach, bowels, liver, kidneys, or other organs of a dead 
body."' J 

Tests for Mercury. — Mercury, iu combination and iu the solid form, 
is most readily detected by mixing the substance intimately witli dry 
anhydrous sodic carbonate, tmnaferring the mixture to a glass tube, 
sealed at one end, and applying heat. If mercury be present, a ring of 
minute globules condenses in the cool part of the tube. If the quantity 
of mercury is likely to be very minute, it is best to modify the process 
by using a subliming cell (p. 229), and thus obtain the sublimate on a 
circle of thin gltiss in a convenient form for microscopical examination. 
If there ia any doubt whether the globules are those of mercury or not, 
this may be resolved by putting a fragment of iodine on the lower disc 
of the subhming cell, and then completing it by the disc which contains 
the sublimate (of courae, the supposed morourial surface must be under- 
most); on placing the cell iu a warm, light place, after a time the scar- 
let iodide is formed and the identification is com])lete. Similarly, a 
glass tube contaiuiug an ill-defined metaUic ring of mercury can be 
sealed or corked up with a cr;'8tal of iodine, and, after a few hours, the 
yellow iodide, changing to scarlet, will become apparent. There are few 
(if any) tests of greater delicacy than this. 

Mercury in solution can he withdrawn by acidnlating the liquid, 
and then inserting either simply a piece of gold foil, gold wire, or bright 
copper foil ; or, else, by a galvanic arrangement, such jis iron wire wound 
round a gold coin, or gold foil attached to a rod of zinc ; or. lastly, by 
the aid of gold or copper electrodes in connection with a battery. By 
any of these methods, mercury is obtained in the metallic state, and the 

•Very recently a womaadied from the effects of a corrosive eublimat« lotion 
applied by a quack to a wound in her leg. The writer found no poison in the 
etoiiia(.'li, but separated a milligramiue of metallic mercury from the liTei; tiu 
urine and intetttines were not sent. 

t 0(12. dcairr.i>., Juillet. 1864. 

t Taylor, " Medical Juisprudeuce," 
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metal with its film can be placed in a sublimiug cell, nnd globules de- 
])ositod and identified, a^ before describod. 

The Frenpitating Reagents for mercury are numerona : a solntion 
of stannooa chloride, heated with a solution of mercury, or any com- 
bination, whether soluble or insoluble, reduces it to the metallic state. 

Mercurous Sal/s in solution yield, with potash, soda, or lime, a 
black precipitate of mercnrous oxide. Mercuric Salfs, a bright yellow 
precipitate of mercuric oxide. 

Mercurous Sulis yield black precipitates, with sulphides of ammon- 
ium and hydrogen. Mercuric Salts give a similar reaction, but, with 
«uli)huretted hydrogen, first a whitish precipitate, passing slowly through 
red to black. 

Mercurous Salts with eolutiona of the chlorides give a white pre- 
cipitate of calomel ; the Mercuric Sails yield no precipitate under simi- 
lar circumstances. Meruvrous Sails treated with iodide of potassium 
five a green mercurous iodide ; vicrcuric, a scarlet. 

The Detection of Mercury in Organic Substances and Fluids. — The 
^Iranic process, previously described, is found iu practice the best. 
Fluids, such as urine, must be evaporated to drj-nesa, and then treated 
with hydrochloric acid. Snch organs as the liver are cut up and dissolv- 
ed in hydrochloric acid (1 : i), and the strained fluid tested by electroly- 
sis. Dr. Taylor relates how by this process distinct evidence of mercury 
in the liver was obtained on a piece of copper gauze, in a case where a 
ciiild had been given two grains of calomel before death. " Four ounces 
ol theJiver were treated with hydrochloric acid and water, and a small 
piece of pure cop[>er placed in the acid liquid while warm, and kept 
there for about forty-eight hours. It acquired a slight silvery lustre, 
and globules of mercury were obtained from it by sublimation." 

In those cases where no special search is made for mercury, hut an 
acid (hydrochloric) solutionis treated with sulphuretted hydrogen, mer- 
cury is indicated by the presence of a black precipitate, which does not 
dissolve in warm nitric acid. 

The further treatment of the black sulphide may be undertaken in 
two ways : — 

(1.) It is collected on a porcelain dish, with the addition of a little 
nitric acid, and evaporated to dryness in order to destroy organic matter. 
Hydrochloric and a few drops of nitric acid are next added ; the action 
is aided by a gentle heat, the solution finally evaporated to dryness on 
the water-bath, and the residue taken up by warm distilled water. The 
solution is that of a persalt of mercury, and the mercurj- can be separa- 
ted bv electrolysis, or indicated by the tests already detailed. 

(2.) The other method, and the most satisfactory, is to mix the 
salphide while moist with dry carbonate of soda, make it into a pellet 
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which will easily enter a redncing or subliming tube, dry it carefully, 
and Dbt-aiD a gublimatc of metallic mercury. 

A very neat method for the detection and estimation of mercury has 
been suggested by Ludwig :* — 3 grms. of zinc dust are put in the organic 
Uquid, which is then acidified ; after agitation and time to allow all the 
mercury to be deposited on the zinc, the zinc dust is washed with water, 
with potash, and finally with alcohol and ether. It is dried and put in- 
to a combustion tube ; first the zinc dust which has amalgamated with 
the mercury, then some asbestos ; next some cupric oxide, and lastly 
some pure zinc dost — the combustion tube is drawn out into a thin capil- 
lary extremity, and a combustion made, when the mercury collects in the 
capillary part. 

Estimation of Mercury. — All pharmaceutical substances containing 
mercury, as well as the aolphide prepiired in the wet way, and minerals, 
are best dealt with by obtaining :tnd weighing the metal in the solid 
state. The aasu^y is very simple and easy when carried out on the meth- 
od that was first, perhaps, proposed by Domeyko, A glass tube (which, 
should not be too thin), closed at one end, is bent, as shown in Fig. 19 ; 
the diameter should he about three lines, the length from seven to eight 
inches, the shorter arm not exceeding two inches. The powdered sub- 
stance is mixed with two or three times its weight of litharge, and in- 
troduced into the tube at a. The portion of the tube containiug I 
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Fig. 19. 

mercury is at first heated gently, but finally brought to a temperature- 
sufiicient to fuse the substance and soften the glass. The mercury col- 
lects in an annular film at b iuthe cooler limb, and may now, with a lit- 
tle management of the lamp, be concentrated in a well-defined ring ; the 
portion of the tube containing this ring is cut off, weighed, then cleansed 
from mercury, and reweighed. Many of the pharmaceutical prepara- 
tions do not requu^ htharge, which is specially adapted for ores, and 
heating with aodic carbonate (in great excess) will suBice. Mercury 
mixed with organic matter must be first separated as described, by cop- 
per or gold, the silvered foil rolled up, dried, introduced into the bent 
tube, and simply heated without admixture with any substance ; the 
weight may be obtained either by weighing the foil before and after the 
operation, or as above. 

Vohimetrie Processes for the Estimation of Mercury. — When a great 

number of mercurial preparations are to be examined, a volumetric pro- 

• Ztg. fur PftffsioL Chemi^., 1889, vol. i., p. 485. 
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Sonvenient. There are several of these processes, some 
adapted more particularly for mercuric, and others for mercurous eom- 
pouods. For mercuric, the method of Peraonue * is the best. The con- 
versioQ of the various forms of mercury into corrosive sublimate may be 
efEected by evaporation with aqtiu regia, care being taken that the bath 
shall not be at a boiling temperature, or there will be a slight losa, 

Personne prefers to heat with caustic soda or potash, and then pass 
ehlorino gjis into the mixture ; the excess of chlorine is expelled by boil- 
ing, mercuric chloride in presence of an alkaline chloride not being 
volatilised at 100''. The standard solntious required for this ] 



(1.) 33-2 grms. of potash iodide in 1 litre of water, 1 ccMl'Ol grm. 
Hg, or 0-01355 grm. HgCl,. 

(3.) A solution of mercuric chloride containing 13*55 grms. to the 
Utre, 1 CO. ^0-1 grm. Hg. 

The process is founded on the fact that, if a solution of mercuric 
chloride be added to one of .potassic iodide, in the proportion of one of 
the former to four of the latter, mercuric iodide is formed, and imme- 
diately dissolved, until the balance is overstepped, when the red colour is 
developed ; the final reaction is very sharp, and with solutions projierly 
made is very accnrate. The mercuric solution must always be added to 
the alkaline iodide ; a reversal of the process does not answer. It there- 
fore follows that the solution to be tested must be made up to a de6nite 
bulk, and added to a known quantity of the potasaic iodide until the red 
colonr appears. 

Mercurous Satis may bo titrated with great accuracy' by a decinor- 
mal solution of sodic chloride. This is added to the cold solution in 
very slight escess, the calomel filtered off, the filtrate neutralised by 
pure carbonate of soda, and the amount of aodic chloride still unused 
found by titration with nitrate of silver, the end reaction being indicated 
by chromate of potash. Several other volumetric processes are fully de- 
scribed in works treating upon this branch of analysis. 
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-PRECIPITATED BY HYDRIC SULPHIDE FROM A 
NEUTRAL SOLUTION. 



ZrSO— SICK EL — COBALT. 



I. ZINC. 



Zinc, — At. wt., 65; specific gravity, 6'8 to 7"1 : fusing point. 412** 

(773° F.) — is a bard, bluish-white, brittle metal, with a crystalline frao- 

^^_ * Compea Rendus, Ivi,, 98 ; Sutton'a Vol. Anal, 177. 
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ture. Between 100' and 150° it becomes ductile, and may be easily 
wrougbt, but at a, little higher tempeniture, it again becomes brittle, 
and at a bright red heat it fuses, and then volutiliaes, the fumes taking 
fire when exposed to the air. In analysis, zinc oct-ura either as a metal- 
lio deposit ou a platinum foil or disli, us as a brittle bead, obtained by 
reducing a zinc compound with soda on charcoal. 

The salts of zinc to be briefly described here are the carbonate, the 
oxide, and the sulphide — uU of which are likely to occur in the eepara- 
tion aud estimation of zinc, and the sulphate and chloride — salts more 
■esiMJcially found iu commerce, aud causing accideuls from time to time. 

Carbottafe of Zinc, in the native form of calamine, contains, as ia 
well known, C4 8 per cent, of oxide of zinc ; but the carbonate obtained 
in the course of an analysis by precipitating the neutral hot solution of 
A soluble salt of xinc by carbonate of potash or soda, is carbonate of zinc 
pim u variable quantity of hydrated oxide of zinc. Unless the predpi- 
tation takes place at a boiliug temperature, the carbonic anhydride re- 
tains a [lortion of the otide of zinc in solution. By ignition of the car- 
bonate, oxide of ziuc results. 

OriiU of ZiHi- (ZnO— 81; specific gravity, 5S12 ; Zn 80-34, 
lO'TG) is a while jwwder when cool, yellow when hot. If mixed with 
auflleient pow»ler»'d sulphur, and ignited in a stream of hydrogen, the 
sulphide is produced : if ignited in the pure state in a rapid stream 
of hydrogen gas, metallic xinc ia obtained ; bat, if it is only a feeble 
current, the oxide of xiito becomes crystalline, a portioa only being re- 
duoeil. 

Snlphidt o/ Ztnc (ZnS— 97 ; specific gravity, 4-1 ; Za 67-01, S 
33'n!)), — The sulphiilo obtained by treating a neutr^ solution of a solu- 
ble salt of uuc by hydric ralpbide, is hydrated sulphide, iosolable in 
walor, caustic alkalies ond alkaline sulphides, but dissolving completely 
in nitric or in hydruelilorio acid. When dry, it Is a white powder, and 
if igniteol contains some oxide of dnc. The anfaydroas sulphide is pro- 
dnc«d by mixing th« pTv<M|Htated sulphide with salphnr, and igniting in 
a orncibte in a stream of hydrogen gas. 

Smiflum^ •/ /lac (ZnS0,7H,0 161-f l« ; epedfic gravity, erystab, 
1 'S3I).— Titis salt is oSrinal in all lh« phannaeopcpias, is ased in calico- 
fwintiag, aad is ctHnnonly kfiowv a« w4i'«r ntrul. By raiying the tem- 
iwnuaiv at which Ihe crystals are allowed to be formed, it may be ob- 
tuncd with $t &, 9. or I. atoms of wster. tht eomm«mal sulphate is 
te erjvlak axarUy aatiUr to thow of ^ison aalts : it is slightly efflono- 
cwit, and prta the naotions of liac aad Mlphorio aeid. 

rUM>4r tf JRm is ohtaiaed hy dtssotn^ rinc in hydrochloric acid, 
«r hy <HrK< amioa ot thie and cliloriM. CUnride of xinc is the only 
«««ltttaHik te tb* ««tt<k»own •- BaracnV fidafcctant floid," A nl»- 
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tion of chloride of zinc may be heated until it becoraes water- free ; when 

this takes place it still remains fluid, and muhes a conveuieiit bath, for 
warmth may be applied to it above 370° without its emitting fumes to 
inconvenience ; at a red heat it distils. A cunceutrated solution of zinco- 
ammonic chloride (aH.NClZDCl,) is used for the purpose of removing the 
film of oxide from various metals preparatory to soldering. 

Ziiu: in the Arts. — The use of zinc us a metal in sheeting cisterns, j 
articles for- domestic use, alloys, kc, is well known. Sulphide of zino I 
has lately been employed as a substitute for white lead, and may posd- I 
bly supersede it. Zinc white is further employed as a pigment, and, 
mixed with albumen, is an agent in calico-printing ; it is also used in 
the decoloration of glass, ia the polishing of optical glasses, and in the 
manufacture of artificial meerschaum pipes* 

Chromate of Zinc, (ZnCrO,) is used in calico-printing, and there ia 
also in commerce a basic chromato known as xinc-yeJlow. Zinc-green, or 
Rinman's green, is a beautiful innocuous colour, formed by igniting a 
mixture of dry zincic and cobaltous carbonates. J 

The use of zinc vessels in the preparation of foods may occasionally 
bring the metal under the notice of the analyst. When exposed to a ' 
moist atmosphere, zinc becomes covered with a thin film of oxide, per- ' 
fectly insoluble in ordinary water ; but, if the water should be charged 
with common salt, a considerable quantity may be dissolved. It ma; ' 
generally be laid down as a rule that the solvent power of water on zinc ' 
has a direct relation to the chlorides present, whilst carbonate of lime , 
greatly diminishes this solubility.f 

Milk may become contaminated by zinc ; for, it ia a matter of com- 
mon knowledge, that milk contained in zinc vessels does not readily turn 
sour. This may be explained by the zinc oxide combining with the lac- 
tic acid, and forming the sparingly soluble lactate of zinc Si(C)HiOa)Zn+ 
3H,0, thus withdrawing the lactic acid as fast as it is formed, preventing 
the coagnlfttion of the casein. With regard to this important practical 
subject, MM. Payne and Chevallier made several experiments on the action, 
of brandy, wine, vinegar, olive oil, soup, milk, Ac, and proved that zino , 
is acted on by all these, and especially by the alcoholic, acetic, and sa- 
line liquids. M. Schauff^le has repeated these experiments, and deter- 
mined the amount of zinc dissolved in fifteen days by different liquids 
from a galvanised iron as well as a zinc vessel. ' 

The amount found was aa follows ; — 

• Artificial me«r8chaum pipes are composed of zinc white, magnesia uata, 
and caseiae ammoDium. 

f Ziiirek. indeed, found in a litre of wat«r cootained in a zinc ciatem no leaa 
than 10104 grm of zinc, and the same water showed only 0'074grm. of 
-Mlt to the litre. Vierte^iahragchr. fur gericht. Midicin. 1867. Bd. 6, p. 856. 
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The HriQld fro^^^™ 
Tbellqald from tlie galTsalsed 
the zinc vewel, Itvu via*el. 

Brandy 095 O'TO ^^^ 

Wine 8-95 410 ^^H 

Orange-flowi^r water t)'50 O'TS ^^^H 

Yintigar, 3t-T5 60-75 ^^^| 

Patty Buup, 0'4e 1-00 ^^^1 

Weak Bouji, 0-36 1-76 ^^^| 

Milk 5-13 7-00 ^^^| 

Salt-n-at^r ■ . 175 0-40 ^^^| 

Seltzer tvatcr, - 0'35 030 ^^^H 

Distilled water, traces. traces, ^^^^| 

Ordinary water, traces. traces. ^^^^| 

Olive oil, none. ooiia ^^B 

Effects of Zinc, aa shown iy Experimenla on Animals. — HarDack, in 
experiments with sodium-zinc oxidu pyropliosphatt-, has ghowa thut the 
esaential action of zinc salts is to paralyse tlie muscles of the body, and 
the heart, and, by thus affecting the circulation and respiration, to cause 
death ; these main results liuve been fully cuulirmed by Blake, Letheby, 
and C. Ph. Falck. For rabbits the lethal dose is -US to '09 grm. of zinc 
oiide, or about '04 per kilogrm. The temperature during acute poison- 
ing sinks notably — according to F. A. Fulck'a researches on rabbita, 
from about 7'3° to 13-0°. Zinc is eliminated mainly by the urine, and 
has been recognised in that fluid four to five days after the last dose. It 
has also been separated iu small quantity from milk aud the bile. 

Effects of Zinc Cum/jounds on. Man — (a.) Zinc Oxide. — The poison- 
ous action of ziuc oxide is t^o weak that it is almost doubtfol whether it 
should be considered a poison. Dr. Marcett has givcu a pound (4d3*& 
grms.) during a month in divided doses without injury to a patient af- 
flicted with epilejwy ; aud the workmen in zinc manufactoriea cover 
themselves from head to foot with the dust without very apparent bud 
effects. It is i>ot, however, always innocuous, for Popoff has recorded it 
as the cause of headache, pain In the head, cramps in the calves of the 
legs, nausea, vomiting, and diarrhoaa ; and ho also obtained zinc from 
the urine of those suffering in this manner.* Again, a pharmacy studentf 
filled a laboratory with oxide of zinc vapour, and suffered from well- 
marked aud even serious poisonous symptoms, consisting of pain in the 
head, vomiting, aud a short fevei. It must be remembered that, as the 
ordinary zinc of commerce is seldom free from arsenic, and some samples 
contain gallium, the presence of these metals may possibly have a part in 
the production of the symptoms described. 

(6.) Sulphate of Zinc — Sulphate of zinc has been very frequently 

•The 80-calIed " dqc fever" ban only lieen noticed in tlia founding of brass; 

it Is always preceded by well-marked shivering, the other symptoms being aimt- 

lar to those described. 
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"■iaken by accident or design, but death from it is rare. The intreqnency ' 
of fatal result is due, not to any inactivity of the salt, but rather to its 
being almost always ei])elled by vomiting, which is so constant and reg- 
ular an effect, that in doses of 1 -3 grni. (20 grains), Bulphato of zinc is 
often relied upon iu poisoning from other Bubstances to quickly expel the 
contents of the stomach. In a case reported by Dr. Gibb. an adult fe- 
male swallowed 4*33 grma. (C~ grains), but no vomiting occurred, and it 
had to be induced by other emetics ; this case is unique. It is difficult to 
say what would be a fatal dose of zinc sulphate, but the serious symp- 
toms caused by 28 grme. (1 ounce) iu the case of a groom in the service 
of Dr. Mackenzie, leads to the view that, although not fatal in that par- 
ticular instance, it might be in others. The man took it in mistake for 
Epsom salts ; a few minutes after he was violently sick and purged, and 
was excessively prostrated, so that he had to be carried to bia home; the ■ 
following day ho bad cramps in the legs, and felt weak, but was othep* I 
wise well. 

In a criminal case related by Tardieu and Honssin, a large dose of 
zinc sulphate, put into soup, caused the death of an adult woman of six- 
ty years of age, in about thirty hours.* The symptoms were violent 
purging and vomiting, leading to collapse. From half of the soup a 
qtiantity of zinc oxide, equal to 1'6 grm. of zinc sulphate was separated. 
Zinc was also found in the stomach, liver, intestines, and spleen — (see 
also a case of criminal poisoning recorded by Cbevallier).t 

(c.) Zi7ic Chhride — Chloride of zinc is a powerful poison which may- 
kill by its primary or secondary effects ; its local action as a caustic is 
mainly to be ascribed to its intense affinity for water, dehydrating any 
tissue with which it comes in contact. The common use of disinfecting 
fluids containing zinc chloride, such as Burnett's fluid, leads to more ac- 
cidents in England than any other European country. Of twenty-six 
cases of poisoning by this agent, twenty-four occurred in England, and 
only two on the Continent. Death may follow the external use of zinc 
chloride. Some years ago a quack at Barnstaple, Devon, applied zino 
chloride to a cancerous breast ; the woman died with all the general 
symptoms of poisoning by zinc, and that metal was found in the liver 
'•nd other organs. 

The symptoms observed in fatal cases of chloride of zinc poisoning 

—immediate pain in the throat, and burning of the lipa, tongue, &,a. 

' There is difficulty in swallowing, an increase in the secretion of saliva, 

vomiting of bloo<ly matters, diarrho?a, collapse, coma, and death. In 

some cases, life has been prolonged for days ; but, on the other band, 

'Taylor notices this case, but adds that she died in three days. Tliisiaamis- 
take, aa the soup was tnkeii on tlie 13th of June, probably at mid-day, and the 
Toman died on the 13th, at 8 p.ta. 

t Obtervatwnt toxieoiogiqua sur le eine, Annates d'Rygiene Publique. Jnlj, 
1878, p. 1S8. 
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death has heen known to occur in a few honre. In those caei 
either recovery h;is taken place, or in which death is delayed, nervoua 
BymptomB rarely fail to make their appearance. In a caae recorded by Dr. 
E. HiiiSsall, 3 ounces of Burnett's fluid were swallowed. The usual symp- 
toma of intense gastro- intestinal irritation ensued, but there was no purg- 
ing until the third day ; after the lapse of a fortnight, a train of nerrons 
symptoms set iu, indicated by a complete perversion of laate and smell, la 
other cases, aphonia, tetanic aSections of groups of muscles, with great 
muscular weakness and impairment of sight, have been noticed. Very 
large doses of zinc chloride have been recovered from — e.g., a man had 
taken a solution equivalent to about 13 grms. (200 grains) of the solid 
chloride. Vomiting came on immediately, and there was collapse, but 
he recovered in sixteen days. On the other hand, -38 grm. (6 grains) 
has destroyed life after several weeks' illness. 

Post-mortem Appearances. — In poisoning by sulphate of zinc, the 
appearances usually seen are inflammation, more or less intense, of the 
mucous membrane of the stomach and bowels. In the mnseumB of the 
London Hospitals, I coukl only find (1882) a single specimen preserved 
illustrating the effects of tliia poison. This preparation is in St. CJeorge's 
Hospital museum, and shows (ser. ix., 43 and 198) the stomach of a man 
who died from zinc sulphate, and whose case is reported in the Lancet, 
1859. The mucous membrane is wrinkled all over like a piece of tripe ; 
when recent it was vaacnlar and indurated, but uniformly of adirty grey 
colour ; the hning membrane of the small intestine is very vascular, and 
in the duodenum and upper part of the jejunum, the colour is similar 
to that of the stomach, hut in a less marked degree ; the stomach and 
intestines are contracted. 

The pathological appearances after chloride of zinc vary according 
to the period at which death takes place. When it has occurred vrithin 
a few hours, the lining membrane of the mouth and gullet shows a 
marked change in texture, being white and opaque, the stomach hard 
and leathery, or much corrugated or ulcerated. In cases in which life 
has been prolonged, contractions of the gullet and stomach may occur 
very similar to those caused by the mineral acids, and with a similar train 
of symptoms. In a ease which occurred under Dr. Markham's* observa- 
tion, a person died ten weeks after taking the fatal dose, the first symp- 
toms subsiding in a few days, and the secondary set of symptoms not 
commencing for three weeks. They then consisted mainly of vomiting, 
until the patient sank from eshaustion. The stomach was constricted 
at the pyloric end, so that it would scarcely admit a quill. 

In Guy's Hospital there is a good preparation, 1799*, from t 



* Med. Times and Oazette, June 11, 1859, p. 505, 
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of S. it, aged twenty-two ; she took a tableepooafnl of Burnett's fiuidj 
and died in about fourteen weeks. There were at first violent vomiting 
and purging, but she suffered little pain, and in a day or two recovered 
BUfficiently to move about the house; but the vomiting after food con- 
tinued, everything being ejected about five minutes after swallowing. 
Before death she suffered from pneumonia. The stomach is seen to be 
mnch contraeied — five inches in length; it is ulcerated both near the 
pylorus and near the gullet ; at the latter part, there is a pouch-like por- 
tion of the mucous membrane of the stomach adherent to the Bpleen, 
which communicates by a perforation with an abscess formed and bounded 
by the stomach, diaphragm, and spleen ; it contained 3 oz. of dirty-look- 
ing puss. At the pylorus, in the centre, there is a second perforation, 
but extravasation of the contents is prevented by the adherent omentum 
and transverse colon. The muscular coats are thickened, 

Detection of Zinc in Organic Liquids or Solids. — In cases where the 
poison has been expelled from the stomach by vomiting, the muscles and 
bones would apjiear to be the best tissues to examine chemically ; for 
Uatzkewitsch investigated very carefully a dog poisoned by 100 parts of 
line, Bubcutaneously injected in the form of acetate, and found it dis- 
tributed over the several organs of the body in the following ratios : — 
Muscles 60-5, bonee 35-49, stomach and intestines 4"63, skin 3'70, place 
of injection 2'19, liver 175, lungs and heart 1G8, kidneys, bladder, and 
urine 1-14. 

The only certain method of detection is to produce the sulphide of 
rinc, best effected by saturating a neutral or feebly acid liquid with hy- 
dric sulphide. If an organic liquid which can be easily filtered, is oper- 
ated upon, it may be strongly acidulated with acetic acid, and at once 
treated with hydric sulphide. If, however, zinc is sought for as a part 
of a systematic examination (as will most likely be the case), the sub- 
stance will have been treated with hydrochloric acid, and already tested 
for arsenic, antimony, lead, &c., and filtered from any precipitate. la 
snoh a case the hydrochloric acid must first be replaced by acetic, which 
is effected by adding a slight excess of sodic acetate ; the right quantity 
of the latter is easily known, if the hydrochloric acid originally added 
was carefully measured, and its specific gravity ascertained ; ZTi of 
crystallised sodic acetate saturating one of HCl. Lastly, should the dis- 
tillation process, given at p. 62, have been adopted, the contents of the re- 
tort will only require to be treated with water, filtered, and satnrated with 
sulphuretted hydrogen. In any of the above cases, should a white, dirty- 
white or lightish coloured precipitate (which is not sulphur) be thrown 
down, zinc may be Busi>ected ; it will, however, be absolutely necessary to 
identify the sulphide, for there are many sourees of error. The most satis- 
factory of all identifications is the production of Rinman's green. The 
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Bupposed sulphide is dissolved off the filter with hot nitric acid, Sfl 
or more (according to the quantity of the original precipitate) of solution 
of cobalt nitrate addod, tho Eolution precipitated with carbonate of Eoda 
and boiled, to espel all carbonic anliydride ; the precipitate ia then col- 
lected on a filter, washed, dried, and ignited in a platinum dish. If zinc 
be present in bo small a proportion iis 1-1(}0,000 part, the mass will be 
permanently green. 

Other methods of procedure are as follows : — The supposed zinc sul- 
phide, (after being well washed) ia collected in a porcelain didh, and dis- 
solved in a few drops of sulphuric acid, filtered, nitric aoid added, eva- 
porated to di'vuess, and heated to desti-oy jtll organic matter. When 
cool, the mass is treated with water aciduluted by sulphuric acid, and 
again filtered. The solution may contain iron as well as zinc, and if 
the former (on testing a drop with ferrocyariido of potash) appears ia 
any quantity, it must bo separated by the addilion of ammonia in excess 
to the ammoniacal filtrate ; sodic carbonate is added in excess, the liquid 
well boiled, and the precipitate collected ou a filter and washed. The 
carbonate of zinc thus obtained is converted into zinc oxide by ignition, 
and weighed. If oside of zinc, it will be yellow when hot, white when 
cold ; it will dissolve in acetic acid ; give a white precipitate with sul- 
phuretted hydrogen ; and, finally, if heated on charcoal in the oxidis- 
ing flame, and moistened with cobalt nitnite solution, a green colour will 
result. Zinc may also be separated from liquids by electrolysis. The 
simplest way is to place the fluid under examination in a platinnm dish 
of sufficient size, acidify, and insert a piece of magnesium tape. The 
metallic film so obtained may be dissolved by hydrochloric acid, and the 
usual testa applied. 
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The salts of nickel and cobalt have at present no toxicologic^ 
portanco, although, from the experiments of Anderson Stuart,* both may 
be classed ae poisonous. The experiments of Gmelin had, prior to Stuart's 
researches, shown that nickel sulphate introduced into the stomach acted 

- as an irritant poison, and, if introduced into the blood, caused death by 

- cardiac paral}'sis. Anderson Stuart, desiring to avoid all local irritant 
action, dissolved nickel carbonate in acid citrate of soda by the aid of 
a gentle heat ; he then evaporated the solution, and obtained a glass, 
wliich, if too alkaline, was neutralised by citric acid, until its reaction 

• " Nickel and Cobalt ; their Physiological Action on the Animal Organism." 
byT. P. Anderson Stuart, M.D,— Journal of Anal, and I^ynol.. vol. xvii., OcL. 
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approximated to the feeble alkalinifcy of the blood ; the cobalt salt waa 
pi-oduced in the same way. The animaU exporimented on were frogs, 
lifih, iiigeona, ruts, guinea-pigs, rabbits, cuts and doga — in all liOO, The 
lethal dose of nickelous ojtide, when subcotaneously injected in the solu- 
ble compound described, was found to be as follows : — frogs -08 grm. 
per kilogram ; pigeons '06 ; guinea-pigs -030 ; rats '025 ; cats ■01; rub- 
bits -009 ; and dogs -007- The cobaitooa oxide was found to be much 
lees active, requiring the above doses to be increased about two-thirds. 
In other respects, its physiological action seems to be very similar to that 
of nickelous oxide. 

Symptmns — Fro'j». — A large dose injected into tlie dorsal lymph sac 
of the frog, causes the following symptoms: — The colour of the skin all 
over the body becomes darker and more uniform, and not infrequently 
a, white froth is abundantly poured over the integument. In an interval 
of about twenty minutes the frog site quietly, the eyes retracted and shut ; 
jf molested, it moves clumsily. When quiet, the fore limbs are weak, 
and the hind legs drawn up very peculiarly, the thighs being jammed np 
so against the body, that thej come to lie on the dorsal aspect of the 
sides of the frog, and the legs are so much flexed that the feet lie on the 
anJDial's back, quite internal to the plane of the thighs. Soon fibrillary 
twitchings ai'e observed in the muscles of the abdominal wall, then feeble 
twitchings of the fingers, and muscles of the fore limbs generally ; lastly, 
the toes are seen to twitch, and then the muscles of the hind limbs — this 
order is nearly always obsen-ed ; now spasmodic gaping and incoordinate 
movements are seen, and the general aspect is not unlike the symptoms 
caused by picrotoxin. After this, tetanus sets in, and the symptoms then 
roBemble those of strychnine ; the next stage is stupefaction and volun- 
tary motor paresis ; the respiratory movements become feeble, and the 
paresis passes into paralysis. The heart beats more and more slowly and 
feebly, and death gradually and imperceptibly supervenes. The post- 
mortem appearances are well marked — i.f., rigor mortis, slight congestion 
of the alimentary tract, the heart, with the auricle much dilated and 
ftUed with dark blood, the ventricle, mostly small, pale, and semi-con- 
tracted. For some time after death, the nerve trunks and muscles react 
to the induction current. 

Pigeons. — In esperimenta on pigeons, the symptoms were those of 
dalnesB and stnpor, jerkings of different sets of muscles, and then death 
■quietly. 

Otiinea-plgs. — In guinea-pigs, there were dnlneas and stupefaction, 
with some weakness of the hind limbs. 

Rats. — The aymptoms in rats were almost entirely nervous ; they be- 
■came drowsy and apathetic, and there was paralysis of the hind legs. 

liaibits. — In rabbits, also, the symptoms were mainly those caused 
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by an affection of the nervous system. There waa paralysis, which affect- 
ed either the hiad legs only, or all four limba. The cervical musoiea ba- 
came so weak thitt tho animal was unable to hold its heud up. Diarrhcea 
oecurred and persisted until death. If the doBo ia not largo enough to- 
kill rapidly, the rofles irritability is decidedly increased, so that the 
slightest excitation may cause the animal to cower and tremble all oter. 
Now appear twitchings and contractions of single groups of mnscles, and 
tliis excitement becomes general. The respirations also become slower, 
and more difficult, and sometimes there is well-marked dilatation of tha 
vessels of the ears and fnndi oculi. Convulsions close the acene. 

Circulalion.—Tho effect of the salt on the frog'sbeurt waa also stud- 
ied in detail. It seems that, under the influence of soluble ealt of nickel, 
the heart beats more and more slowly, it becomes smaller and paler, 
and does not contract evenly thronghout the whole extent of the ventri- 
' clo ; but the rhythm of the ventricular and auricular contractions is 
never losL 

It is probable that there ia a vaso-motor paralysis of the abdominal 
vessels; tht' blood-pressure falls, aud the heart ia not stimulated by the 
blootl itself as in its normal state. In support of this view, it is found 
tlutt, hj 6ith«r pressing on the abdomen or dmply inverting the frog, the 
heart swells up, fills with blood, and for a time beats well. 

y*mms Sjfttfin. — llie toxic action is referable to the central nervous 
■jTSt^-m, and not to that of peripheral motor nerve-endingB or motor 
nerre-fibrea. It is probable that both nick«l and cobalt pualjrse tosom» 
extent the oerebnim. The action oa the nerre-oentrea is similar to 
ti»l of ptetiBniB or bariam, and quite different from that of iron. 

Aehtm m Strati JfMcti.— Neither nickel nor cobalt has any effect 
OB striped mude. In thk tfaey both differ from anentc, antimony, mer- 
OUT, le»d, and iron — all of which, in large doses, .1imini<ih the work 
which healthy rauacle is capable of pettonung. 

Svmnlim tf Sitbt «- CUatt frtm tJk» Oryamie Matter TUsut*.— 
It is tw; neeeHary, if an; caae of ponowag sbooU oocar by- either or both 
of ih«M aMtalt, to destroy ooaplatelj tbe Ofsaaic Batters by the procesees 
aliMid; detailed on p^ SI Both aiokd aad cobalt are thrown down, if 
in the form of acetate, fnia a ne^Ural aotatioB by sulphoretted hydro- 
ITMi : bat the precipitation does aot take |dac» in the preeeooe of free min. 
eral acid : hence, in the lantine piaciw of aaalysu. ailphar^tted hydro- 
gen ia paaatd into the acid li^id, and anv pcecipitaCe filtered off. The 
IrniTJI if niT miAt ahniil aratral hj pniaiiiii tailm— ti . and than potaa- 
»Bneatataadd»d.«>dacnrwntatanlphnw>>edhT di ogenpaiea throo^ 
it. TV MtlphiAai «f cahaH and nMfcei. if boA are present, nU be 
thrown down ; matkm 
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sulphides in nitric acid, precipitating ttie carbonates of zinc anil cobalt 
by potassic carbonate, collecting tbe carbonates, and, after washing, ig- 
niting theia gently inabulb tube, iu a current of dry hydrochloric acid; 
volatile zinc chloride is formed and distils oyer, leaving cobalt chloride. 
Toestiniate cobalt, sulphide of cobalt may be dissolved in nitric acid, 
and then precipitated by pure potash; the precipitate washed, dried, igni- 
ted, and weighed ; 100 parts of cobaltoua oxide (CojO.) equals 73-44 of 
metallic cobalt. Oobalt isaeparated from nickel by a method essentially 
founded on one proiKised hyLiebig. The nitric acid solution of nickel and 
cobalt (which must be free from all other metals, save potassium or sodi- 
um) is nearly neutralised by potassic carbonate, and mixed with an ex- i 
cess of hydrocyanic acid, and then with pure caustic potash. The mix- ' 
ture is left exposed to the air in a shallow dish for some hours, a tripo- > 
taasic cobalticyanide (KjCoCy,) and a nickelo-potassic cyanide (2KCy,- 
NiCy,) are in this way produced ; if this solution is now boiled with a. 
alight excess of mercuric nitrate, hydrated nickelous oxide is precipitated, 
bnt potassic cobalticyanide remains in solution, and may be filtered off. 
On carefully neutralising the alkaline filtrate with nitric acid, and add- 
ing a solution o! mercorous nitrate, the cobalt may then be precipitated 
aaa mercurona cobalticyanide, which may be collected, washed, dried, de- 
composed by ignition, and weighed as cobaltous oxide. After obtaining 
both nickel and cobalt oxides, or either of them, thej may be easily iden- 
tified by the blow-pipe. The oxide of nickel gives, in the oxidising flame 
with borax, a yellowiah-red glass, becoming paler as it cools ; the addi- 
tion of a potassium salt colours the bead blue. In the reducing Same th& 
metal is reduced, and can be seen as little greyish particles disseminated 
through the bead. Cobalt gives an intense blue colour to a bead of borac 
in the oxidising flame. 
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IBON — CHEOMICM — THALLIITM. 



It was Orfita's opinion that all the salts of iron were poisonous, if 
given in sufficient doses ; but such salts as the carbonate, the phosphate, 
and a few others, possessing no local action, may be given in such very 
large doses, without causing disturbance to the health, that the state- 
ment must only be taken as applying to the more soluble iron com- 
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ponnJs. The two proparationa of iron which have any forensic impor- 
tance are the percbloride and the snlphate. 

Ferric Chloride (Fe,CU — 325). — Anbydrons ferric chloride will only 
be met with in the laboratory. As a product of passing dry chlorine 
over red'bot iron, it Gnblimes in brown scaleE, is very deliquescent, and 
hisses when thrown into water. There are two very definite hydrateti — 
one with 6 atoms of water, forming large, red debqnescent cr]ratsla ; asd 
another with 12 of water, less deliqaescent, and crystaUising in orange 
Atellate groope. 

The pharmaccntical preparations in common use are : — 

Stroru} Solution of Perchloride of Iron {Liquor Fern Perchloridi 
Fortior. — An orange-brown liqnid of epccific gravity 1-338, and oon- 
taining abont 52'88 parts per weight of ferric chloride in every 100 by 
Tolame. 

Tincture of Perchloride of Iron {Tinettira Ferri Perchloridi), made 
by diluting 5 parts of the strong solution with 15 volumes of rectified 
epirit ; it therefore contains about 1 -31 per cent, puts by wci^t of ferric 
chloride in every 100 volume. 

Solution of Perchloride of Iron (Liquor Ferri Perchloridi.) — Simply 
5 volumes of the strong solntioQ made up to 20 by the addition <^ water; 
hence, of the same strength as the tincture. 

Effects of Ferric Chloride on Animals. — A very elaborate aeries of 
researches on rabbits, dogs, and cats, was nndertaken a few years ago by 
Mil. Berenger-F^rrand and Porte • to elucidate the general symptoms 
and effects produced by ferric chloride under varying condiHona. First, 
a series of experiments showed that, when ferric chloride solution was 
enclosed in gelatine capsules and given with the food of the animal, it 
produced either no symptoms or but trifling inconvenience, even when 
the dose exceeded 1 grm. per kilogrm.; anhydrous ferric chloride and 
the ferric chloride solution were directly injected into the stomach, yet, 
when .food was present, death did not occnr, and the effects soon sub- 
sided. In animals which were fasting, quantities of the solution equal 
to '6 grm. per kilogrm. and above caused death in from one hour to six- 
teen hours, the action being much accelerated by the addition of alcohol, 
•3, for example, in tho case of the tincture : the symptoms were mainly 
Tomiting and diarrhoea, sometimes the vomiting was absent. In a few 
cases the posterior extremities were paralvsed and the pupils dibited ; 
tlie arin« was scanty or qnite suppressed ; death was preceded by con- 
Tulsions. 

fyaetf m Men. — Perchloride of iron in th« form of tincture has 

been popobirij tued in England, from its sn|qxsed abortive property, 

* Aiuit mr fwniwiwa ww l par laptrMonn de ftr, par MM. Btreuger- 
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fifl Bold un3et tKe name of "steel drops." It has becu frequently 1 

takca by mistuke for other dark liquids ; and there is at least oue caso 
on record in which it was proved to have been used for the purpose of 
murder. The latter case * is peculiarly interesting from its great rarity; 
it occurred in Martinique, in 1874-1376, no lesa than four persons being 
poisoned at different dates. All four were presumed to have had im- 
moral relations with a certain widow X , and to have been poisoned 

by her son. In three of the four cases, viz.. Char , Duf and 

Lab , the cause of death seems pretty clear ; but the fourth, Ah , 

a caae of strong suspicion, was not sufficiently investigated. All three 
took the fatal dose in the evening, between eight and nine o'clock — 

Lub the STth of Decem'ier, 1874 ; Duf the 22d of February, 

1876 ; and Chai' on the 14th of May, 1876. They had all passed 

the day in tippling, and they all had eaten nothing from midday ; so 
that the stomach would, in none of the three, contain any solid matters. 
The chloride was given to them in a glass of "punch," and there waa 
strong evidence to show that the son of the widow X — — administered it. 

Char died after about thirteen hours' illness ; Duf and Lab 

aft«r sixty-five hours' illness; Ab lived from three to four days. 

With Clar the symptoms were vorj' pronounced in an hour, and con- 

usted essentially of violent colicky pain in the abdomen and diarrhcea, 
but there was no vomiting ; Duf had also great pain in the abdo- 
men and suppression of the urine. Lab liad most violent abdominal 

pains ; he was constipated, and Che urinary secretion was arrested ; there 
was besides painful tenesmus. According to the experiments of Bfiren- 
ger-Ferraud and Porte,f the perchloride in the above cases was takea 
ander conditions peculiarly favourable for the development of its toxia 
action — viz., on an empty stomach and mixed with alcohol. 

There have been several cases of recovery from large doses of tha 
tincture — e.g., that of an old man, aged seventy-two, who had swallowed 
85 cc. (3 oz.) of the tincture ; the tongue swelled, there were croupy 
teepiration, and feeble pulse, but ho made a good recovery. In other 
cases J 28'3 cc (au oz.) and more have caused vomiting and irritation of 
the urinary organs. The perchloride is not unfrequently used to arrest 
hemorrhage as a topical application to the nterine cavity — a practice not 
free from danger, for it has before now induced violent inflammation 
and death from peritonitis, 

» Elimination of Iron Chloride. — Most of the iron is excreted in the 
* Fully reported in B^renger-Ferraud's paper, loe. cit. 
f Dab. Med. Press. Feb. 1849. 

J Provineial Journal. April 7 and 21, 1847, p, 180; see also Taylor's "Prin- 
Diplea and Ptactice of Medical Jurisprudeiice," voL i., p. 830, 3d Edition. 
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iorm of anlphide by the f jeces, and colonra them of a black hue ; » 
emaller portion is excreted by the urine. 

Post-mortem Appearances. — lu the experiments on animals already 
referred to, the general changes noted were drjuesa, pallor, and parch- 
ment-like appearance of the cavity of the mouth, the mucous membrane 
being blackened by the contact of the liquid. The gullet was pale and 
tlr^', not unfrequently covered with a blackish layer. The mucous mem- 
hrano of the stomach was generally healthy throughout ; but, if the dose 
was large and very concentrated, there might be one or more hypersemio 
«pots ; otherwise, this did uot occur. The internal surface of the intes- 
tines, similarly, shower no inflammation, but was covered with brownish 
coating which darkened on espoaare to the air. The liver, in all the 
«xpenment8, was large and gorged with black and fluid blood ; there 
were ecehymoses in the lungs and venous congestion. The kidneys were 
usually hypereemic, and contained little htemorrhages. There waa also 
general encephalic engorgement, and in one es])eriment intense conges- 
tion of the meninges was observed. Few opportunities have presented 
themselves for pathological observations rehitivo to the effects produced 
ty ferric chloride on man. In a case related by Christison, in which a 
man swallowed 43'4cc. (one and a half ounce) of the tincture, and died 
iu five weeks, there was found thickening and inflammation of the py- 
loric end of the stomach. 

The case of Char , already alluded to, is that in which the most 

complete details of the autopsy are recorded, and they coincide very 
fairly with those observed in animals ; the tongue was covered with a 
^^nenish fur, bordered at the edges with a black substance, described as 
p iteSn^ like " mad ;" the lining membrane of the gullet was pale, but also 
oorered with this dark " mud." The stomach contained a greenish- 
black liquid ; the liver was large and congested ; the kidneys were swol- 
len, congested, and ecchymosed ; the cerebral membranes were gorged 
with blood, and whole brain hyperffimic. 

Ferrous Sulphate, Copperas, or Green Vitriol — FeSOj7n,0 = 132+ 
126 ; specific gravity, anhydrous, 3-138, crystals 1-857 ; composition in 
100 parts, PeO 25-98 ; SO. 28-77 ; H.O 45-'33. This salt is in beautiful, 
transparent, bluish-green, rhomhoidal prisma. The crystals have an 
astringent, styptic taste, are insoluble in alcohol, but dissolve in about 
1-5 times their weight of water ; the commercial article nearly always 
responds to the tests, both for ferrous and ferric salts, containing a little 
persalt. The medicinal dose of this salt is usually given, as from -0648 
to '324 grm. fl to 5 grains), but it has been prescribed in cases requiring 
it in gramme (15-4 grains) doses without injurv. Sulphate of iron has 
many technical applications ; is employed by all shoemakers, and is in 
common use as a dismfectjint. The salt has been employed for criminal 
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^^nrposea in Prance, and in this country it ib a popular abortive. In 1 
recorded cases the symptoms, as well aa the pathologicul appearances,.! 
have a striking resemblance to those produced by the chloride. There % 
are usually colic, vomitiog and purging, but in one caae (reported by 
Ohevallierj, in which a niiin gave a large dose of sulphate of iron to hia 
wife, there was neither vomiting nor colic ; the woman lost her apjietite, 
but slowly recovered. Probably the ai-tion of ferrous sulphate, like that 
of the chloride, is profoundly modified by the presence or absence of food ( 
iuthe stomach. Anything like 28-3 grms. (an ounce) of sulphate of iron j 
must he considered a dangerous dose, for, though recovery has taken J 
pl:ice from this quantity, the symptoms have been of a violent kind. I 

Search/or Iron Salts in the Contents of the Stoinuch, i£e. — Iron, be- :l 
ing a natural component of the body, care must be taken not to con- | 
found the iron of the blood or tissues with the " iron " of a soluble salt. J 
Orfilii attempted to distinguish between the two kinds of iron by treat- | 
iiig the contents of the stomach, the intestines, and even the tissues, | 
with cold acetic acid, and allowing them to digest in it for many hours, ] 
before filtering and testing for iron in the filtrate — and this is generally I 
the process which has been adopted. The acid filtrate is first treated j 
with sulphuretted hydrogen, which gives no precipitate with iron, and I 
then with sulphide of ammonium, which precipitates iron black. The j 
iron sulphide may he dissolved by a little hydrochloric acid and a drop 
of nitric acid, and farther identified by its forming Prussian blue when 
tested by fcrrocyanide of potash, or by the bulky precipitate of oxide, 

when the acid liquid is alkalised by ammonia. lu the case of Duf , 

the experts attempted to prove the existence of foreign iron in the liver 

by taking 100 grms. of Duf 's liver, and 100 grma. of the liver of a 

non-poisoned person, and destroying each by nitro-muriatic acid, and 

estimating in each acid solution the ferric oxide, Duf 's liver yielded 

in 100 parts -08 mgrm, of ferric oxid, the normal liver -033 — nearly three \ 

times as much as Duf 's. 

To obtain iron from the nriue, the fluid must bo evaporated down | 
to a B)Tup in a platinum dish, a little nitric acid added, heated, and | 
finally completely carbonised. The residue ia dissolved in hydrochloric 
acid. Normal urine always contains an unweighable trace of iron ; and, J 
thereiore, any quantity, such as a mgrm. of ferric oxide, obtained by 
carefnl precipitation of the hydrochloric acid solution out of 200 to 300 
ce. of urine, would be good evidence that a soluble sidt of iron had been j 
taken. The hydrochloric acid solution is first precipitated by ammonia 
and ammonic sulphide. The precipitate thna obtained mil not be pnre . 
iron sulphide, but mixed with the earth phosphates. It should be redis- I 
solved in HCl, precipitated by sodlc carbonate, and then acidified byacetio I 
acid and sodic acetatfi added, and the solution well boiled ; the iron will J 
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then bo precipitated for the most part as oslde mixed with a Httlo po^K 
phate of iron, 

Siace, as before mentioned, a great portion of the iron swallowed aa 
a soluble salt is converted into ineoltible compounds and excreted by the 
fjBcPB, it is, in any case where poisoning by iron is suspected, of more im- 
portance to examine chemically the fscea, and the whole length of tha 
alimentary canal, than ereu the contents of the stomach. In particular, 
any black material lying on the mucous membrane may be sulphide of 
iron mixed with mucus, &c., and should be detached, dissolved in a lit- 
tle hydrochloric acid, and the usual tests applied. 

In the criminal cases alluded to, there were iron stains on certain 
linen garments which acquired an importance, for, on dissolving by the 
acid of nitric acid, they gave the reactions of chlorine and iron. Any 
stains found should be cut out, steeped in water, and boiled. If no iron 
is dissolved the stain should then be treated with dilute nitric acid, and 
the liquid tested with ferrocyanide of potash, &c. It need scarcely be 
observed that iron-mould is so common on shirts and any fabric capable 
of being washed, that great care must be exercised in drawing conclu- 
sions from insoluble deposits of the oxide. 

3. CHROMrUM. 

The only salts of chromium of tosicological importance are the neu- 
tral chromate of potash, the bichromate of potash, and the chromate ot 
lead. 

Neutral Chromale 0/ Po/osA.—CrOjKjO — 194-7, containing 567 
per cent, of its weight of chromic anhydride, CrOj. This salt is in the 
form of citron-yellow rhombic crystals, easily soluble in water, but insol- 
nble in alcohol. Its aqueous solution is precipitated yellow by lead or 
baric acetate ; the precipitate being insolnble in acetic acid. If chro- 
mate of potash in solution ia tested with silver nitrate, the red chromate 
of silver is thrown down ; the precipitate is with difficulty soluble in di- 
late nitric acid. 

Potoisio Bichromate. — SCrOjKjO =1 395 '2, containing 68-07 per cent., 
of its weight of chromic anhydride, CrO,. This salt ia in beautiful large, 
red, transparent, four-sided tables ; it is anhydrous and fuses below red- 
ness. At a high temperature, it is decomposed into green oxide of chro- 
mium and yellow chromate of potash. It is insoluble in alcohol, but 
readily soluble in water. The solution gives the same precipitates with 
silver, lead, and barium as the neutral chromate. On digesting a solution 
of the bichromate with sulphuric acid and alcohol, the solution becomes 
green from the formation of chromic oxide. 

Neutral lead Chromate. — PbCrO, = 3235, composition in 100 parts, 
PbO 68-94, CrO, 3106. This is technically known as " Chrotne YeUoa," 
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nBOotained aa a yellow precipitate whenever a solntion of plnmbio 
acetate is added, either to the solutioDS of potaasic chromate or bicbro- i 
mat« ; by adding chrome yellow to fused potaiBBic nitrate, " chromo red" ' 
is formed ; it has the composition CrO'2PbO. Nentral lead cbromate is 
insoluble in acids, bat may be disaolved by potaasic or Bodic hydrates. 

Use in the Arts. — Potassic bichromate is extensively used iu the 
arts — in dyeing, calico-printing, the manufacture of porcelain, and in pho- 
tography ; the neutral thromate has been employed to a small extent as a 
medicine, and is a common laboratory reagent ; lead chromate is a valu- 
able pigment. 

Effedn of some of tke Chromium Compounds on Animal Life. — In 
the chroniates of potash there is a combination of two poisonous metals, 
so that it is not surprising that Omellu found the chloride of chromium, 
CrClj, less active than the neutral chromate of potash ; 1'9 grm. of tho 
laet, administered to a rabbit by the stomach, caused death within two 
hours, while 3 grms. of chromous eliloride had no action. Subcutane- 
ous doses of '2 to '4 grm. of neutral chromate (according to the experi- 
ments of E. Gergena* and Carl Posner f ) act with great intensity on ■ 
rabbits. Immediately after the injection, tlic animals are restless, and 
show marked dyspncEa ; death often takes place within a few hours. 

Diarrhcea does not seem, as a rule, to follow when the salt is ad- 
ministered by subcutaneous injection to animals ; butGmolm'a rabbits 
hud considerable diarrhoea when 1*9 grm. was introduced into the stom- 
acli- The same quantity, injected beneath the skin of a dog, caused | 
loag of appetite, and, after six daj-s, there was a dry exantliem on the 
back, and the hair fell oS iu patches ; there was, however, neitlier diar- 
rhu?a nor vomiting. Bichromate of potash causes (according to the re- 
searches of Pelikan) J B}'mptomB similar to those produced by arsenic or 
corrosive Bublimate ; it acts as a powerful irritant of the stomach and 
intestinal canal, and may even cause inflammation ; on its absorption & 
series of symptoms are produced, of which the most prominent are al- 
buminuria, bloody urine, and emaciation. From -OG to "36 grm. (1-5J4 
grains) is fatal to rabbits and dogs. 

Effects of some of (he Chromium Sails on Man — Bichromate Dis- 
ease. — In manufacturing potassic bichromate, the workmen exposed to 
the dust have suflfered from a very [leculiar train of symptoms, known 
nnder the name of " bichromate disease." It was first described iu Eng- 

»ATth. f. Experiment. Pathol, ti. Pbarmakol.. Bd. 8. Hft. t and 2- g 1«, 1875. 
Virehow's Arch. f. Path. Anal.. Bd. 79. Hft. 2, g S3S. 1880. 
t BeitrSge zttr QerUhtl, Mcdicin. TaxikiA. u. PharmakodynamUc. Wdriburg, 
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land by Dr. B, W. Ricbardsoii. * It appears that Jf the workmen inspira 
the particles cbieflj through the mouth, a bitter and disagreeable ta^ts 
IB experienced, with an increase of saliva. This increase of the buccal 
eeeretion gets rid of most of the poison, and in that case but little ill ef- 
fect is experienced ; but those who keep the mouth closed and inspire 
by the nose, suffer from an inflammation of the septum, which gradually 
gets thin and ultimately ulcerated ; finally the whole of the septum is in 
this way destroyed. It is stated that when a workman has lost hia nasal 
septum, ho no longer suffers from nasal irritation, and has a remarkable 
immunity from catarrh. Tho bichromate also causes painful skin affec- 
tions — eruptions akin to eczema or psoriasis ; also very deep and 
intractable ulcerations. These cutaneous maladies start from an excor- 
iation : so long as the skin is not broken, there seems to be little local 
effect, if any. The effects of the bichromate are also seen in horses 
employed at the factories ; the salt getting into a wound or crack iu the 
leg, produces ulceration ; horses may even lose their hoofs. 

Acute poisoning by the chromates is rare. Falck has, however, 
been able to find in medical literature seventeen cases, six of which were 
suicidal, ten accidental, and in one the bichromate was used as an abor- 
tive. In a case of poisoning by the chromate of potash (related by 
Maschkii),t in which a woman, aged twenty-five, took for a suicidal pur- 
pose a piece of potassic chromate, which she described as the size of a 
hazel nut (it would prabably he at least 6 grms. in weight) — the chief 
symptoms were vomiting, diarrhi^a, pain in the stomach, and rapid col- 
lapse; death took place fourteen hours after swallowing the poison. 

In poisoning by potassic bichromate, there may be much variety iu 
the symptoms, tho more usual being those common to all irritant poisoug 
— I.e., vomiting, diarrhcea, and collapse with cramps in the limbs and 
excessive thirst ; and the rarer affecting more especially the nervous sys- 
tem — such as narcosis, paralysis of the lower limbs, and dilatation of the 
pupils ; occasionally there is slight jaundico. 

In a case recently recorded by Dr. Macniven-t a man took a lump 
of bichi-omate of potash, estimated to he over 2 drachms (7'7 grms.). 
The symptoms commenced in fifteen minutes, and consisted of lightness 
in tho head, and a sensation of great heat in the body, which was fol' 

• Brit, and For. Med. Chirnrg. fienVip, Oct. 5868. See also n paper by the 
same writer, read before the Medical Society, reported in the Laneet, March II, 



\Prager ViertetjahrsKhr. f. d. Prakt. Heild.. Bd. 181. §87. 1877. Schmidt's 
Jahrb. 1878, Bd. 178. g 237. See also Schuohardt in Maschka's Bandinich. Bd. ii., 

p. a. 

t "On a case of poisoning with Bichromate ot Potash." by Ed. O. Hacniven, 
iS..B.— Lancet, Sept 83nd, 1883. 
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ly a cold sweat ; in twenty minutes he vomited ; he then suffered 
Irom great pain in the stomach, giddiness, spoeka before tlie eyes, a de- 
Toaring thirst, and there was loss of power over the legs. These symp- 
toms, again, were followed by severe rigours and great coldnesB of the 
extremities. On the patient's admission to hospital, two hours after 
taking the poison, it was noted that the pupils were dilated, the face 
pale and cold, and the pulse feeble. He complained of intense epigas- 
tric pain, and a feeling of depression : there was some stupor ; the stom- 
ach was emptied by emetics and by the stomach-pump, and the patient 
treated vith tepid emollient drinks, whilst sabcutaneous doses of sul- 
phuric ether were administered. He made a good recovery. 

In a case recorded by Mr. Wilson,* a man, aged sixty-four, was 
lound dead in his bed twelve hours after he had gone to rest. During 
the night he was heard to snore loudly ; there were no signs of vomiting 
or purging, and bichromate of potash was found in the stomach. f 

Chromate of lead has also caused death. In one case J the breathing 
of chromate of lead dust seems to have been fatal ; and there is also a 
double poisoning recorded by Dr. Lin8tow,§ of two children, aged three 
and &-half and one and three-quarter years respectively, who ate some 
yellow ornaments, ] which were naed to adorn a cake, and which con- 
tained chrome yellow {chromate of lead). The younger died in two and 
the elder in five days. The symptoms were redness of the face, dullness, 
and an inclination to eleep ; neither complained of pain ; the younger 
one had a little diarrhcea, but the elder neither sickness nor purging. 

Poat-moHem Appearances. — We possess some very exact researches T 
upon the pathological changes induced by subcutaneous injections of 
solutions of potassic bichromate on animals, and especially on the changes 
which the kidneys undergo. If the animal is killed, or dies a few hours 
after the injection, there are apparently no striking appearances, but a 
closer microscopical examination shows considerable changes. The epi- 
.^elinm of the tubuli contorti exhibits a yellow cloudiness, and the out- 

• Mtd. Oazette, p. 88, 734. 
_ f See also canea recorded by Dr. M-Lachlaji, Qlatgote Mei). Joam., Jalj, 1881; 
ih. M'Crorie, Ibid. May, 1881: Dr. R. A. Warwick, Lancet, Jan. 31st, 1880; and 
Dr. Dunbar Walker. Ibid, Sept. S7th, lB7t>— a Bummary of all of which may be 
found in Dr. Macniven's paper, loc. cil, 

X Ueber tSdtlicAe Vergifttmg durch Einathmiii des Stajd>e» von mil Ckrom- 
tdvren Blei-0iydegefSThienOame.—Vtertelja}iraschr.f. Ger. Ifed..l877, Bd. ii., 
Tii., Hft., i. p. 29. 

% Ibid. Bd. II., B. 60. 1874. 

1 The omamentfl were imitatione of bees; each contained '27 grms. gum trag- 
aoanth, 0042 grm. neutral lead chromate. 

•I C. Poaner. Op. cit 
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line of the cells ia irregular and jagged. The glomeruli are moderatd;' 
injected, and their capBoles contain an albuminous exudution ; the can- 
aliculi ure filled with round cells smbeddiHl in a fluid which, on heating, 
coagulates, and is tlierefore albuminoua or fibrinous ; probably tiiis is the 
first stage of the formation of fibrinous casts. 

In the case quoted of the woman who poisoned herself with potassic 
chromate, very striking changes were found m the stomach and intes- 
tines. The stomach contained above a litre of dark chocolate fluid of 
alkaline reaction ; the mucous membrane, in the neighbourhood of the 
cardiac and pyloric extremities, was swollen and red in sharply defined 
patches ; portions of the epithelial layer were detached, the rest of the 
mucous membrane was of a yellow-brown colour, and the whole intestine, 
from the duodenum to the sigmoid flexure, was filled with a partly 
bloody, partly treaclj-looking fluid ; the mucous membrane, throughout 
its entire extent, was swollen, with numerous extravasations, and in 
places there were losses of substance. Similar appearances to these have 
been found in other instances ; the anomalous case recorded by Mr. 
Wilson (ante) ia an exception. In this instance a pint of inky, turpid 
liquid, which yielded to an&lysis potassic bichromate, was found in the 
stomach ; but there were no marked changes anywhere, save a slight 
redness of the cardiac end of the gullet. In Linstow's two cases of poi- 
soniug by lead chromate, there were found in both fatty degeneration of 
the liver cells, and red points or patches of redness in the stomach and 
intestines. In the elder boy the changes in the duodenum were very 
intense, the mucous membrane waa swollen and easily dotitched, in tha 
upper part strongly injected with blood ; in one place there was a per- 
foration, and in several places the membrane waa extremely thin. In 
the younger boy the kidneys seem to have been normal, in the elder con- 
gested and containing pua. Although it was clear that the two children 
died from lead chromate, a chemical analjris gave no result. 

Detection of the Ckromates and Separation of the Salts of Chromium 
from the Contents of the Stomach, £c. — If in the methodical examination 
of an unknown acid liquid, which has been already filtered from any 
preci]>itate that may have been obtained by sulphuretted hydrogen, this 
unknown liquid is made alkaline (the alkali only being added in slight 
excess), and hydrated chromic oxide ia thrown down and mixed, it may 
ho, with other metals of the second class; the precipitate may then be 
fused with nitre and potassic carbonate, and will yield potaasic chromate, 
soluble in water, and recognised by the red precipitate which it give* 
with silver nitrate, the yellow with lead acetate, and the green colour 
produced by boiling with dilute sulphuric acid and a little alcohol or 
sugar. If by treating a complex liquid with ammonium hydrosulphide, 
inlphides of zinc, manganese and iron are thrown down mixed witJi 
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■omio oxide, the same principles upply. If a chromate ia present in 
the conteuts of the stomach, aud the organic fluid is treated with hydro- 
chloric acid and potaasic chlorate, chromic chloride is formed, and dis- 
solving imparts a green colour to the liquid — this in itseJf will bo strung 
evidence of the presence of a chromate, but it should be supplemented l 
by throwing down the oxide, and transforming it in the w&j detailed ' 

fpotaasic chromate. 
3. THALLIUM. 

Thalliam waa discoTered by Crookea in 1861. Its atomic weight 
is 204; specific gravity, ll'Sl to ll'Sl ; melting point, 290°. It is a 
heavy dlamagnetic metal, very similar to lead in its physical properties. 
The nitrate and sulphate of thallium are both soluble in water, the car- 
bonate less so, requiring about 35 parts of water for solution, while tbs ] 
chloride is sparingly soluble, especially in hydrochloric acid. 

Effects. — All the salts of thallium are poisonous. One of the earlier 
experimenters on the physiological action, Paulet, found 1 grm. (16*4 
grains) of thalHum carbonate sutlictent to kill a rabbit in a few hours; 
there were loss of muscular power, trembling of the limbs, and death 
apparently from asphyxia. Lamy* used tballiura sulphate, and found 
that dogs were salivated, and suffered from trembling of the limbs, fol- 
lowed by paralysis. The most detinite results were obtained by Marm6,t 
who found that -04 to "06 grm. of a soluble thallium salt, injected suh- 
cutaneoualy or directly into the veins, and '5 grm. administered through 
the stomach of rabbits, caused death. The action is cumulative, and 
something like that of mercury : there are redness and swelling of the 
mncouB membrane of the stomach, with mucous bloody discharges, and 
hiemorrhago may also occur from the lungs. Thallium is eliminated 
through the urine, aud ia also found in the fiecea ; it passes into the urine 
from three to five minutes after injection ; the elimination is alow, often 
taking as long as three weeks. It has been found in the milk, in the 
tears, in the mucous membrane of the mouth, of the trachea, in the 
secretion of the gastric mucous membrane, and in the pericardial fluid ; 
and in these places, whether the poison has been introduced by subcu- 
taneous injection, or by any other channel. It seems probable that the 
reason of its being detected so readily in all the secretions, ia the minute 
quantity which can be discovered by spectroscopic analysis. 

Separation of ThalUvm from Orijanic Flvids or Tissneii. — The 
salts of thallium, if absorbed, would only be pjrtracted in traces front 
the tissues by hydrochloric acid, so that, in any special search, the ti»- 
• Ghent. News. 1863, 
I OStU'iger Oelehrt. NiKhrichten. Aug. 14, No. 20. 
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sues are best doBtroyed by either sulphuric or nitric acid, or both. In 
the ordinary method of analysis, when an acid liquid is first treated with 
sulphuretted hydrogen, and then made alkaline by ammonia andaramonic 
salphide, thallinm would be tlirown down with the manganese and iron of 
tho blood. From the mixed sulphides, thallium may be separated by oxidis- 
ing and dissolving the sulphides with nitric acid, evaporating off the ex- 
cess of acid, dissolving in a very little hot wat«r, and precipitating 
thalloUB chloride by solution of common salt. The ease, however, with 
which thallium may be separated from solutions of its salts by galvanism 
is so great as to render al! other processes unnecessary : the best way. 
therefore, is to obtain a deposit of the metal on platinum by a current 
from one or more cells, and then to examine the deposit Epectroscopically. 
Thallium gives, when heated in a Bunsen flume, a magnificent gre?n 
line, the centre of which corresiKinds with wave length 534-9 ; a second 
green line, the centre of which coincides with W.L. 568. may also be dis- 
tinguished. 




v.— ALKALli'E EARTHS. 



BAEIUM. 



The soluble salts of barium are undoubtedly poisonous, and are of 
frequent occurrence in the arts. The chloride of barium is used in tho 
staining of wool, the nitrate and the chlorate in the green fires of the 
pyrotechnist, the oxide and the carbonate in the manufacture of glass. 
The ehromate is used by artists under the name of "yellow ultramarine," 
while tho sulphate, technically known as "permanent white," is, on ac- 
count of its weight and cheapness, oceusionally used as an adulterant of 
white powders and other substances,* 

Chloride of Barium, BaCl,2H,0 208+36 ; anhydrous, Ba 65-86 per 
cent., CI 34-14 ; specific gravity, 3'75 — is in commerce in the form of 
white, four-sided, tabular crystals ; water dissolves about half its weight 
at ordinary temperatures, three-fourths at 100°. Its solution gives a 
white precipitate with sulphuric acid, quite insoluble in water and ni- 
tric acid. 

The salt imparts a green hue to an otherwise colourless flame : viewed 
by the spectroscope, green bands will be visible. We may note that. 
chloride of barium gives two different spectra — the one at the moment 
of the introduction of tho salt, the other when the substance has beea 
* Barium carbonate and siilphnte are UBually enumerated as occasional adol- 
terautB of bread, but there is no modi^rQ authentic instance of thia. 
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weed for Bome time to n high temperature. This U caueeil by a rapid 
loss of ehloriiR-, so that the first Bpectrum ia due to BaClt, with a vuria-. 
blc misture of BaCI, the second to BaCl alone. 

Baric CarhoiMte, BaCOj— 197; specific gravity, 4'3 ; BaO 77'8I>" 
per cent,, CO, 3"2'31 — in its native form termed Witherile, ia a dense, 
heary powder, insolnble in pure water, but dissolving in acetic, uitric^ 
and hydrochloric acids, the solution giving the reactions of barium. 

A rat-poison may be met with composed of baric carbonate, sugaT^l 
and oatmeal, flavoured with a little oil of aniseed and caraway. 

Sulphate of Barium, BaSO,; specific gravity, 4-59; BaO C5"o6 per. 
cent., SO, 34'34 per cent., is a pure white powder when recently precip- 
itated, absolutely insoluble in water, and practically insoluble in cold 
dilute acids. It is quite unalterable in the air at a red heat ; on ignition 
with charcoal it may be converted almost entirely into sulphide of barium;, 
and by ignition with CiiCl, into chloride. 

Effects of (he Soluble Salts of Barium on Animals. — One of the early 
notices of tho poisonous characters of barium compounds was by James 
Watt,* who found that witherile, given to dogs, produced vomiting, 
diarrhtea, and death in a ft'W hours. Sir Benj. BrodieJ adminiatered- 
barium chloride, and noticed its paralysing effect on the heart. Orfilaf 
made several experiments, and obseTred that 4 grms. of the carbonatB* 
produced death in dogs in periods varying from one to five hours ; but in. 
these eiperimeuts the gullet was tied. The later investigators have been 
Gmelin, Onaum, Cyon, and Bohni.g Gmelin found barium carbonate 
and barium chloride act in a very similar manner \ and, indeed, it is im- 
probable that barium carbonate, as carbonate, has any action, but, when 
swallowed, the hydrochloric and other acids of the stomach form with it 
soluble compounda. J. Oneum made eight experiments with both barium 
carbonate and chloride on animals. The respiration wasquickeued and, 
at the same time, made weak and shallow ; the heart's action was accel- 
erated ; the animals became restless ; and there was great muscular pros- 
tration, with paralytic symptoms ; convulsions did not occur in any ona 
of the eight animals. He fouud, on pont-morlem examination, the right 
side of the heart full of blood from b.^ckwa^d engorgement ; he describes 
a plugging of tho small arteries with little fibrinous coagula, having an 

• " Memoira of the Literary and Philosophical Society of Manchester," 1790, j 
Tol. iii.. p- 609. 

tj nil. Trang., 1818. 
t Train dea Poigotu. 3d ed.. T. 1., Paris, 1826. 
g Gmelin. C. Q.. VergwheBberdieWirkaiigfnde$Baryt»,^rontian»,Chr<yms, 
Ifolt/hedilnt, Wolfrains. Tentirs, tt. to, aufden tkierixhen Orgaaismtu, Tilbingei 
mU. Onsum, J.. Vircliow'B An^biv, B(i. 2nd, 1868. Cyon, M., Archill f Anitto- 
nie, Phj/sMogie. Ac, 1866. Bohm, Archivf. Experimtnt. Fttthal, Bd. 8rd. 18T4. 
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inorgiinic ciicleiiB, with constant hBeraorrliagic extravaaatione. Onsuni 
seBma to liave held the theory that the baryta salts circulated in the 
blood, and then formed insoluble compounds, which were arrested in the 
lungs, causing minute emboli, just in the s:ime way as if a finely-divided 
Bolid were introduced directly into the circulation by the jugular vein. 

Onsum stands alone in this riew. Cyon found no emboli in the 
lungs, and refers the toxic efEect to a paralysing in0uence on the heart 
and voluntary muscles, and also on the spinal cord. Cyon, to settle the 
embolic theory, injected into the one jugular vein of a rabbit barium chlo- 
ride, and into the other sodic sulphate, but the small arteries and capil- 
laries of the lungs remained clear. Bobm, operating on frogs, found a 
great similarity between the action of small doses of barium salts and 
that of certain organic poisons ; as, for example, cicutoxiii, '013 to "02 
grm., subcutaneously injected into frogs, acted as a heart-poison. So 
also Blake* found the heart slowed, and concluded that barium chlo- 
ride had a direct action on the cardiac muscle, and also a toxic influence 
on the nervous system. F. A. Falck, in experiments on rabbits, found a 
great reduction of temperature after poisoning with barium chloride 
(3" to u-e"). 

Effects of the Salts of JSarivm on Man. — There are about fifteen 
^aees of poisoning by barium salts on record — three of which were sui- 
cidal, but most of them were due to accident or mistake. In three casea, 
barium chloride was taken instead of Glauber's salts ; in one, instead of 
Carlsbad salts ; in another, a mixture of barium nitrate and snlphur, in- 
stead of pure sulphur ; in a sixth case, a mixture of barium acetat« and 
raspberry syrup, instead of sodic ethylsulphate ; in a seventh, a chemist 
put a larger dose than was ordered by the prescription ; and in four 
cases barium carbonate had been mixed with flour, and this flour used in 
the making of pastry. Of the fifteen cases, nine, or sixty per cent., 
J) roved fatal. 

Fatal Dose. — The above fifteen cases of poisoning have not satisfac- 
torily settled the question as to the least fatal dose of the barium salts. 
tG'Sgrms. (about 100 grains) of the chloride have destroyed the life of an 
adult woman in fifteen hours ; 14 grms. {>5 oz.) of the nitrate of baryta 
have killed a man in six and a half hours ; and the carbonate of baryta 
has destroyed a person in the relatively small dose of 3-8 grma. (60 grains). 
On the other hand, certain continental physicians have prescribed bar- 
ium chloride in large medicinal doses ; for example, Pirondi f and Lis- 
franc J have gradually raised the dose of barium chloride from 4 deci- 

■ Joum. of Artat. and Physiol. , 2nd seriea, 1S74. 

+ Beln Tumeur Blanehe de Oenou, ed. 2, Paris, 1886. 

i Qax. Mtd. de Pari*, 1885. No. 14. 
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Srams np to 3 grms. (48 grains) daily, given, of coarse, in divided doBOS. 
Pirondi himself took in a day 7'7 grms. (119 grains) without bad effect. 

Symptoms. — The etiecta produced on man are partly those of intes- 
tinal irritation, and partly affections of the nervous system. There are 
nausea, vomiting, pain in the stomach, a sense of cardiac oppression, 
muscular weakness, noises iii thu ears, disturhauces of vision, cramps, 
and even paralysis. In Dr. Tidy's case,* in which a man, suffering from 
rheumatism, but otiierwise healthy, took a mixture of barium nitrate, 
flowers of sulphur, and potassic chlorate, instead of sulphur — the syuip- 
toms were blisters on the tongue, a burning pain in the gullet and stom- 
ach, with vomiting, diarrhcea, con\"ulsiona, aphonia, and coldness of the 
OYtremities. A case, copiously detailed by Seidel.f in which a pregnant 
woman, twenty-eight years old, took carbonate of baryta for the purposes 
of self-destruction, is interesting. She probably took the poison some 
little time before six in the evening ; she vomited and had great pain in 
the stomach, but slept during the night withont further sicknesa. The 
next morning, after drinking some coffee, the sickness was renewed ; 
nevertheless, at 7 a.m., she repaired to her employment, which was dis- 
tant an liour's walk ; she probably suffered much on the way, for she did 
not arrive until 9 a.m. The vomiting, accompanied by diarrhoea, con- 
tinuing, she was sent to bed at 3 p.m. She was very cold, and com- 
plained of great weakness ; the vomiting now ceased. At 8 p.m., she 
shivered violently, could scarcely swallow, and the respiration was op- 
pressed. At 11 she seemed a little improved ; but at 3 a.m. she was 
found much worse, breathing rapidly, but fully conscious. At 4 a.m. 
she was again seen, but found dead ; she thus lived about tbirty-foup 
hours after taking the fatal doae. 

Pust-mortevi Appearances. — The post-mortem appearances are usual- 
ly changes in the stomach and intestinal tract, but there are only rarely 
traces of great inflammation. It is true, that in a case recorded by 
Wach, Ja perforation of the stomach was found ; but, since there waa 
old standing disease of both liver and stomach, it is not clear that this 
is to bo attributed entirely to poison. In the case of suicide jast detailed, 
the mucous membrane of the stomach was much eccbymosed ; over the 
■whole were strewn little white grains, sticking to the mucons membrane, 
and there wore also ecchjTnoses in the duodenum. 

The Separation of Barium Salts from Organic Solids or Fluids, atid 
their Identification. — In the usual course of examination of an unknown 
substance, the matter will already have been extracted by hydrochloric 



* Pharm. Jtnn^i., June, 1868. 
[ fEnlenberg's VierteljahrsnohHft f. Oer. md.. Bd . 87. S 913. 
AHenke's ZeUschriftf. Slaataarxiteik.. 1! 
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acid, and the solution auccesaively treated with hjdric and ammonic snl- 
phidea. The filtrate from any precipitate, after being boiled, would in 
Bnchacaaegive a precipitate if treated with sulphuric acid, ebould a salt 
of barium soluble in hydrochloric aeid be present. 

If there, however, should be special grounds to search for baryta in 
particular, it is best to extract the substances with pure boiling wat«r, 
to concentrate the solution, and then add sulphuric acid, collecting any 
precipitate which may form, it the latter ia found to be sulphate of 
baryta, it must be derived from some soluble salt, such as the nitrate or 
the chloride. The substances which have been exhausted with water are 
now treated with hydrochloric acid, and to the acid filtrate sulphuric acid 
18 added. If sulphate of baryta ia thrown down, the baryta present must 
have been a salt insoluble in water, soluble in acida — probably the car- 
bonate. Lastly, the organic substances may be burnt to an ash, the aek 
fused with carbonate of aoda, the mnsa, when cool, disaolvod in HCl, and 
the solution precipitated with sulphuric acid. Any baryta now obtained 
was present, probably in the form of sulphate ; noverthelesa, if obtained 
from the tiaaues, it would prove that a soluble salt had been administered, 
for (so far as is known) sulphate of barium ia not taken up by the ani- 
mal fiuids, and is innocuous. 

The sulphate of barium is identified as follows : — 

(1.) A part of the well-washed precipitate is boiled with distilled 
water, filtered, and to the filtrate a solution of chloride of barium added. 
If there is no precipitate, the sulphate can be none other than baric sul- 
phate, for all the rest, without eKception, are soluble enough to give a 
slight cloud with baric chloride. 

(2. ) The sulphate may be changed into sulphide by ignition on char- 
coal, the sulphide treated with HCl, the solution evaporated to dryness, 
and the resulting chloride examined spectroscopic ally ; or, the sulphide 
may be mixed with chloride of calcium, taken up on a loop of platinum 
wire, heated strongly in the flame of a Bunsen burner, and the llame ex- 
amined by the spectroscope. 

(3.) A solution of the chloride of barinm obtained from (2) gives 
a yellow precipitate with neutral chromate of potash, insoluble in water, 
but soluble in nitric acid. 




SpoU, supposed to be blood — whether on linen, ■walla, or weapona, 
should, in any important case, be photographed before any chemical or 
microBcopical examiuatiou is undertaken. Blood-spots, according lo the 
nature of the material to which they are adherent, have certain naked 
eye peculiarities — e.g., blood on fabrics, if dry, has at first a clear car- 
mine red colour, and part of it soaks into the tissue. If. however, tho 
tissue has been worn some time, or was originally soiled, either from pcr- 
Bpiration, grease, or filth, the colour may not be obyioua or very dis- 
tingnishahle from other stains; nevertheless, the stains always impart a 
certain stiSness, as from starch, to the tissue. If the blood has fallen on 
such substances as wood or metal, the spot is black, has a bright glisten- 
ing surface, and, if observed by a lens, exhibits radiating fissures and a 
sort of pattern, which, according to some, is peculiar to each species ; so 
that a skilled observer might identify occasionally, from the pattern 
alone, the animal whence the blood was derived. The blood is dry and 
brittle, and can often be detached, or a splinter of it, as it were, obtained. 
The edges of the splinter, if submitted to transmitted light, are ob- 
served to be red. Blood upon iron is frequently very intimately adher- 
ent ; this is specially the case if the stain is upon rusty iron, for htematin 
forms a compound with iron oside. Blood may also have to be recovered 
from water in which soiled articles have been washed, or from walls, or 
from the soil, itc. . In such cases the spot is scraped off from walls, 
piaster, or masonry, with as little of tho foreign matters as may be. It 
iaalso possible to obtain in the colouring matter of blood from its solu- 
tion in water, and present it for farther examination in a concentrated 
form, by the use of certain precipitating agents (see p. 618). 

In the following scheme for tho esaminatiun of blood-stains, it is 
presumed that only a few spots of blood, or, in any case, a small qnan- 
tity, is at the analyst's disposal. 

(1.) The dried spot is submitted to the action of a cold saturated 

Bolution of borax. This medium (recommended by Dragendorff)* does 

certainly dissolve out of linen and cloth blood -colouring matter with 

• Onler»uchwngen von Bliitspuren in Maschka'e Handbueh. Bd. i., Half- 
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^eat facility. Tlie beat way to steep tlie spots iii the solution is to scrapo 
the spot oS the fabric, and to digest it iu about a cubic centimetre of 
the borax solution, which must not exceed 40° ; the coloured eolation 
may he placed in a little glass cell, with parallel walla, *o centimetre 
broad, and "1 deep, and submitted to spectroscopic examination, either by 
the ordinary Bpeetroscope or by the micro-spectroscope ; if the latter is 
used, a rery minute quantity can be examined, even a single drop. In 
order to interpret the roaulta of this examination properly, it will be 
necessary to be intimately acquainted with the spectroscopic appearances 
■of both ancient and fresh blciod. 

Spectroscopic Appearances of Blood. — If defibrinated blood * be di- 
lated with water until it contains about '01 per cent, of oxyhsemoglobin, 
and be examined by a spectroscopu, the layer of liquid being I centi- 
metre thick, a single absorption band between the wave lengtlia 583 and 575 
is observed, and, under favourable circumstances, there is also to be seen a 
Tery weak baud from 550 to 533. With aolutions so dilute as this, there 
is no absorption at either tlje violet or the red end of the spectrum. A 
solution containing 'OO per cent, of oxyhEemoglobiu shows very little »b- 
■sortion in the red end, but the violet end is dark up to about the ware 
length, 428. Two absorption bands may now be distinctly seen. A 
aolution containing '37 percent, of oxylicemoglobin shows absorption of 
the red end to about W.L. 820 ; the violet is entirely, the blue partly, 
absorbed to about 453, The bands are considerably broader, hut the 
centre of the bands occupies the same relative position. A solution con- 
taining as much as '8 per cent, of osyhsemoglobin is very dark ; the two 
bands have amalgumated, the red end of the spectrum is absorbed nearly 
up to Fraunhofer'a line a; the green is just visible between W.L. 493 
and 518. Venous blood, or arterial blood, which has been treated 
with redncing agents, such, for example, as an alkaline sulphide, 
gives the spectrum of reduced hramoglobin. If the eolution is equiva- 
lent to about '3 per cent,, a single broad band, with the edges very little 
defined, is seen to occupy the space between W.L. 595 and 538, the 
band being darkest about 550 ; both ends of the spectrum are more ab- 
sorbed than by a solution of oxyhamoglobin of the same strength. In 
the blood of persons or animals poisoned with hydric sulphide — to the 
spectrum of reduced hsemoglobin, there is added a weak absorption 
band in the red, with its centre nearly corresponding with the Praun- 
hofer line 0. Blood which has been exposed to carbon oxide has a dis- 
tinct spectrum, due, it would seem, to a special combination of this gas 
with hemoglobin ; in other words, instead of oxygen, the oxygen of oiv- 

•In thisbrief notice of the spectroacopicappearanceH of the blood, themeoa- 
urementa in wavelengths are, for themoet part, after Oamgee. — "Text-Book of 
Physiological Cbemiatry." London, 1880. 
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hemoglobiD has been displaced by carbon oside, and cryetala of carbon 
oxide-hffimoglobin, isomorphoue witb thoao of oxybiemnglobiD, maj- 
be obtained by suitable treatment. The spectrum of carbon oside-bs- 
moglobin, however, differs so httle from that of normal blood, that it is 
only comparison with the ordinary spectrum, or careful measurementB, 
which will enable any person, not very familiar with the different 
spectra of blood, to detect it ; with careful and painstaking observation 
the two spectra are seen to be distinct. The difference between the car- 
bon oxide and the normal spectrum essentially consists in a sbght mov- 
ing of the bands nearer to E. According to the measurements of 0am- 
gee, the band a of CO-h£emoglobin has its centre approximately at W.L, 
572, and tlie band j8 has for its centre W.L. from 634 to 538, according 
to concentration. If a small quantity of an ammoniacal solution of 
ferrous tartrate or citrate be added to blood containing carbon oxide, 
the bands do not wholly fade, but persist more or less distinctly ; where- 
as, if the same solution is added to bright red normal blood, the two- 
bands vanish instantly and coalesce to form the spectrum of reduced 
hEemoglobin. When either asolution of hsemoglobin or blood is exposed 
to the air for some time, it loses its bright red colour, becomes brownish- 
red, and presents an acid reaction. On examining the spcctnim, tho 
two bands bare become faint, or quite extinct ; but there is a uew band, 
the centre of which (according to Gamgee) occupies W. L. 633, but (accord- 
ing to Proyer) 634. In solutions of a certain strength, four bands may b« 
seen, but in a strong solution only one. This change in the spectrum is due 
to the passing of tho hsemoglobin into r.iethwmogloMn, which may ba 
considered as an intermediate stage of decomposition, prior to the break- 
ing Dp of the hsemoglobin into htematin and proteida. 

A spectrum very similar to that of meth^moglobin is obtained by 
treating ancient blood stains with acetic acid — viz., the spectrum of acid 
haniadn, but the band is nearer to its centre, according to Gamgee, cor- 
responding to W.L., 640, (according to Proyer, 656 -e). The portion of 
the band is a little different in alkaline solution, the centre being about 
592. Hffimatin is one of the bodies into which hsemoglobin splits up by 
the addition of such agents as strong acetic acid, or by the decomposing 
influence of exposure ; the view most generally accepted being that tho 
colouring- matter of the Wood is htematin in combination with one or 
more albuminoid batlies. The hiematin obtained by treating blood with 
acetic acid may be dissolved out by ether, and the ethereal solution then 
exhibits a remarkable distinctive spectrum. Hence, in tbc spectroscopic 
examination of blood, or solutions of blood, for medico-legal purposes, 
if the blood is fresh, the sjiactmm likely to be seen is either that of oxy- 
hemoglobin or hremoglobin : but, if the blood stain is not recent, thea 
the Bpectrum of either hfematin or methsmoglobiu. 
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The colouring-matter of cochineal, to which alom, potasBic ctaoc 
Tiftte, and tartrate have bfeii added, gives a spectrum very Bimilorto 
that of blood (see page 83, vol. i.) ; but thia is only the case when the 
aolution is fresh. The colour is at once discharged by chlorine, while 
the colour of blood, although changed in hue, remains. The colouring- 
matter of certain red feathers, purpurin-sulphuric acid, aud a few other 
rods, have some gimilarity to either the hceinatin or the hfemoglohm spec- 
trum, but the bands do not strictly coincide ; besides, no one would 
trust to a single test, and none of the colouring-matters other than blood 
yield htematin. 

(2.) Preparation of Htsmatin Crystals — (Teichmann's crystals). A 
portion of the borax solution is diluted with five or six parts of water, 
and one or more drops of a five or six per cent, solution of zinc acetate 
added, so long as a brownish-coloured precipitate is thrown down. The 
precipitate is filtered off by means of a miniature filter, and then re- 
moved on to a watch glass. The precipitate may now be dUsolved in 
one to two cc. of acetic acid, and examined by the spectroscope it will 
show the spectrum of hsmatin. A minute crystal of sodic chloride be- 
ing then added to the acetic acid solution, it is allowed to evaporate to 
dryness at the ordinary temperature, and crystals of h^matin hydrochlo- 
rato result. There are other methods of obtaining the cryetalfl. When 
a drop of fresh blood is simply boiled with glacial acetic add, on evapo- 
ration, prismatic crystals are obtained. 

Haamatin is insoluble in water, alcohol, chloroform, and in cold di- 
lute acetic and hydrochloric acids. It may, however, be dissolved in an 
alcoholic solution of potaasic carbonate, in solutions of the caustic alka- 
lies, and in boiling acetic and hydrochloric acids. Hoppe-Seyler ascribes 
to the crystida the formuk C„IJ7oN,Fe,0,eaHCI. Thudichum condders 
that the pure crystals contain no chlo- 
rine, and are therefore those of hema- 
It is the resistance of the hfema- 
tin to decomposition and to ordinary sol- 
vents that renders it possible to identify 
a certain stain to be that of blood, after 
long periods of time. Dr. Tidy eeems 
to have been able to obtain blood reac- 
tions from a stain which was supposed 
^M^ \ / to be 100 years old. The crystals are of 

^^C >'■ a dark-red colour, and present themselres 

in three forms, of which that of the 
rhombic prism is the most common (see 
fig, 20). But ciystals like b, having six sides, also occur, and also crystals 
similar to c. 
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II the Epot under oiamination has been scraped off an iron imple- 
ment the btematin ia not bo easily extracted, but Dragendorfl states that 
borax8olittioaat50° diaaolvesit, and separates it from the iron. Felletar 
has also extracted blood in combination with iron rust, bj muans of warm 
tolntion of caastic potash, and, after neutralisation with acetic acid, has 
precipitated the hsmin by means of tannin, and obtained from the tan- 
nin precipitate, by means of acetic acid, Teichmann's crystal. 

Blood on leather must be treated ia the same way as if it were a tan- 
nin precipitate — that is, the blood must be scraped oS and boiled up vrith 
strong acetic acid, &.c. 

(3.) Ouaiaciim Tests. — This test depends upon the fact that a aola- 
tion of hsemoglobin develops a beautiful blue colour, if brought into con- 
tact with fresh tincture of guaiacum and peroxide of hydrogen, The 
simplest way to obtain this reaction is to moisten the suspected stain 
with distilled water ; after allowing sufEcient time for the water to dis- 
solve ont some of the blood constituents, moisten a bit of filter-paper with 
the weak solution thus obtained ; drop on to the moist space a single 
drop of tincture of gnaiacum which has been prepared by digesting the 
inner portions of gnaiacum rcain in alcohol, and which has been already 
tested on known blood, so as to ascertain that it ia really good and ef&- 
■oient for the purpose ; and, lastly, a few drops of jwroiide of hydrogen. 
DragendorfT naes hia borai solution, and, after a little dilution with water, 
ftdds the tincture and then Heunefeld's turpentine solution, which is 
■composed of equal parts of absolute alcohol, chloroform, and French 
turpentine, to which one part of acetic acid has been added. The chlor- 
oform separatea, and, if blood was present, i^ of a blue colour. 

To prove by chemical and physical methods that a certain stain is 
that of blood, is often only one step in the onquirv, the next question be- 
ing whether the blood is that of man or of animals. The blood-corpns- 
-cles of man are larger than those of any domestic animal inhabiting 
Earope. The diameter of the average re<l blood -corpuscle is abont the 
^ of a millimetre, or 7"9 /i.* The corpuscles of man and of mammals, 
generally speaking, are round, those of birds and reptiles oval, bo that 
there can be no confusion between man and birds, fishes or reptiles : if 
the corpuscles are circular in shape the blood will be that of a mammal. 
By careful measurements. Dr. Richardson, of Pennsylvania, alBrms that 
it is quite possible to distinguish human blood from that of all common 
animals. He maintains, and it is true, that, by using very high magni- 
fying powers and taking much trouljle. an expert can satiafaetorily iden- 
tify human blood, if be haa some half-dozen drops of blood from differ- 
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ent aDimals — such ob the sheep, goat, horse, dog, cat, &c., all fresh at 
hand for compiirison, and if the human blood is iwmial. Howerer, when 
we come to tlie blood of peraoDs suffering from disease, there are changes 
in the diameter, and even the form of the corpuscles, which much com- 
plicate the matter ; while, in blood stains of any age, the blood-corpus- 
cles, oveu with the most artfully-contrived solvent, are so distorted in 
shape that he would be a bold man who should venture on any definite 
conclusion as to whether the blood was certainly human, more especially 
if he hud to give evidence in a, criminal case. 

Neumann affirms that the pattern which the fibrin or coagulnm of 
the blood forms, ia peculiar to each animal, and Dr. Day, of Geelong, has 
independently confirmed hia reBearchea ; this very interesting ubsena- 
tion, jjerhaps, has not received the attention it merits. 

When there is sufficient of the blood present to obtain a few milh- 
grms. of ash, there is a means of distinguishing human blood from that 
of other common mammals, which has been neglected by anthoritios on 
the subject, and which may be found of real value. Ita principle de- 
pends upon the relative amounts of potassitmt and sodium in the blood 
of man as compared with that in the blood of domestic animals. In th& 
blood of the cow, sheep, fowl, pig, and horse, the sodium very much ei- 
ceeds the potassium in the ash ; thus the proportion of sodium oside to 
that of potassium oxide in the blood of the sheep is iis E,0"1 : Na,0'6 ; 
in that of the cow, as 1 : 8 ; in that of the domestic fowl, as 1 : 16 ; while 
the same substances in human blood are sometimes equal, and vary from 
1 : 1 to 1 : 4 as estremes, the mean numbers being as 1 : 22. The potas- 
sium is greater ia quantity in the blood corpuscles than in the blood 
serum ; but, even in blood serum, the same marked difference between 
the blood of man and that of many animals is apparent. Thaa, the pro- 
portion of potash to soda being as 1 : 10 in human blood ; the proportion 
in sheep's blood is 1 to 157 ; in horse's serum as 1 to IQ-i ; and in the 
ox as 1 to 17. Since blood, when burnt, leaves from 6 to 7 per thousand 
of aah, it follows that a quantitative analysis of the relative umoonts of 
potassium and sodium can only be satisfactorily effected when sufficient 
of the blood is at the analyst's disposal to give a weighable quantity of 
mineral matter. I, however, find that it is possible to make an estima- 
tion of the alkalies with 1 gramme of blood — this quantity yielding 
about 5 milligrammes of the mixed alkalies. On the other hand, much 
work requires to bo done before this method of determining that the 
blood is either human, or, at all events, not that of an herbivorous ani- 
mal, can be relied on. We know but little as to the effect of the inges- 
tion of sodium or potassium salts on either man or animals, and it ii 
possible — nay, probable — that a more or less entire substitution of the: 
one for the other may, on certain diets, take place. Bunge t 
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■ome experiments to liave found no aoilium iu tlio biooil of either the cat 
or the dog. 

The source from which the blood has emanated, may, in a few casea, 
be conjectured from the discovery, by microscopical examination, of 
hair or of buccal, nasal, or vaginal epithelium, &c., mised with the blood 
at«in. 
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OF POISONING. 
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AJI medical men in practice are liable to bo summoned hastily to , 
IS of poisoning. In such emergencies not a moment is to be lost, for ' 
valuable lives imvo ere this been sacrificed simply from the delay caused J 
by searching for medicines and instruments, and visiting the patient a 
provided with suitable remedies. Hence, it is fur the safust plan for ' 
every medical man to provide himself with an " antidote bag," whie 
be complete, should be furnished with the following requisites : — 

ttaSTBDMENTS : — 
I (1.) A stomacli-piunp or tube,t with proper mouth gags. 
I (2.) A hypodermic syringe. 
(3.) An ordinary bleeding lancet. 

• The brief Summary given in Appendix B of the inunediate steps which 
■bould be taken in cases of poisoning is ftddwi by request. 

t The 8tomach-tube ia simply a tube of India-rubber, from 6 to 8 feet in lengthy 
one end of which should be a little stiff, and have a solid rounded extremity 
pierced wiih two lateral oval holes — catheter-like ; but, on an emergency, any 
India rubber tube of a suitable length will do. It ia used by passing the proper end 
gently down the throat into the stomach ; if the patient is insensible, or. ae in 
tame 'determined suicides, obstinate, the jaws must be forcibly opened by the 
handle of a spoon, and some solid substance placed between the teeth so as to 
give sufficient room for the entry of the tube. If the tube is now passed in the 
median line well into the grasp of the pharynx, it is actually drawn down into 
the stomach by the pharyngeal muscles, so that the operator has, as it were, only 
to ■■ pay out" a sufficient quantity of the tubing. Holding the tube in a perpen- 
dicular position, it may tjien be filled with water by means of a small funnel. 
When full, the end must be pinched and brought down to the ground to deliver 
in a basin ; it will then act as a syphon and the contents of the stomach will be 
syphoned ofl. The tube is elevated again above the body, and the stomach filled 
with water ; this syphoned off. and the process repeated . Coffee, also, or anti 
dotee may be conveniently introduced. If the recumbent position is necessary, 
the jiatient must, of course, be placed on a be<l or tabic, in order that there should 
be sufficient fall for the syphon. 
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(4.) A glass -syringe with eaitable canuk, which mnj, in caae of 
necessity, he usod for Iniiisfneioii. 

{5.) Bistoury, forceps and tubes suitable for performingtrach- 
eotomy.. 

A small battery (interrupted current). 
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II. Emetics : — 

(1.) Sulphate of zinc. 

(2.) Apotnorphine. 

(3.) Mustard. 

(i.) Ipecacuanha. 

The sulphate of zinc may cither be carried in thirty-grain powders 
or ill the ordinary solid crystalline state, together with a little measurii 
made out of a small pill-box which, wheu exactly full, is found to coucain 
from twenty-five to thirty grains. 

A still more convenient form is that of the compressed tahleta, sold 
as a specialty by one or more firms. The same remarks apply to ipeca- 
cuanha. 

The apomorphine hydrochlorate should be in solution, a suitable 
•strength is 2 per cent.; a few drops of this substance, iujected Lypoder- 
mically, will cause vomiting in a few minutes. 

Besides the above Hat, the bag should be furnished with a selection 
'Of the so-callod antidotes. 

Antidotes : — 

(w.) CheniicaU neutralising the poison. 

Acetic acid and calcined magmeBia. 

{b.) Precipitants of alkaloids. 

Tannin— A solution of iodine in potassic iodide. 

{t\) Xarcolics, or aiimsthetics, for the treatment ot the tetanic chws. 

Chloral^chloroform. 

((/.) Substances which act physiologically. 

Trench oil of turpentine.— A sohition of atropine sulphate 
for hypodermic use (strength -8 percent.); hypodermic dose from 5 toG 
■drops. 

Solution of nitrate of pilocarpine (strength 5 per cent.); doae, 
10 drops or more, 

Iffuacariue — a solution in water (strength 5 per cent.); dose, 10 
drops. 

Morphine meconate in solution (strength 10 per cent.): dose, 
from 5 drops, 

A solution of pilocarpine nitrate (strength 5 per cent.); dose, 
about 10 drops. 
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ABolnlion of nitrate of Btryclmiiie (strengthSper cent.); hypo- I 
dermic dose, from 2 to 3 drops. 

To these may be added ii bottle of Wyeth's dyalised iron for 
use in arsenic poisoning, a tiiisk of brandy, some chloric ether, aro- 
matic spirits of ammonia, and some really good extract of coffee. 
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TBEATMENT. 



Acid Cabbolic. 

Uee the stomach-tube or pump, nnless there iB great destmction j 
of the mucous membraue. In the latter case, excite vomiting by inject- I 
iiig subeutaneoualy from 5 to G di'ops of the apomorphine solution; or 1 
give au emetic of zinc sulphate, ipecacuanha, or mustard. 

The stomach may, by tlie aid of the Lube, be washed out with a weak 
alkaline eoltition of soda : albumen may also be given, and such stim- 
ulants as brandy aud water, chloric ether, and aromatic spirits 
■of ammonia. 

It is important to apply warmth to the extremities. 

Inject auhcutaneously from 2 to 3 drops of the atropine hypoder- 
loic solution. 

Nitrite of amyl by inhalation is said to have been useful. 

In desperate cusus bleeding, followed by transfusion, is to be 



Acioe — MiNEBAL, iuclnding Sulphdbic, Nitric, Htdeochlobio, Gla- 
cial Acetic Acidb. 

Stomach-tube or pump, inadmissible. 

Neutralise by calcined magnesia, lime, challc, or soda, but not I 
with potash, if there is choice. i 

If no neutralising agent can be immediately procured, then dilute 
with plenty of water. 

Other remedies are — oil, milk, whites of eggs, gruel. 

It is often recommended in such cases to administer hypodermically 
ft little morphine. 

ACOJIITF, — AcONlTINE. 

Use at once the stomaoh-tube or pump, or give emeticfl of sul- 
phate of zinc, or hypoiJormie solution of apomorphine. 

Keep the patient in the recumbent posture. 

After the stomach has been emptied, give atropine, either by hy- 
podermic injection or by the mouth, say 4 drops of the P.B. solution ; 
" ig atropine, 20 drops of the tincture of belladonna. The dose 
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may be repeated more or less frequently accurdiog to the condition ( 
the patieut. 

If there is great tendency to heart-ayncope, tincture of digitalis 
in ^-j-drachm doaea by tlie mouthj or in hypodermic doaea of from 10 
drops upwards. 

Apply a muatard poultice to tho pericardium ; aid vomiting ami 
elimination of the poison by plenty of water, to which may be added 
brandy or any form of alcohol. 

Inhalations of nitrite of amyl are said to have been useful. If 
the breathing stops, try artificial respiration. ■ 



Alcohol. ^H 

Empty the stomach by tho tube or pump, and then wash it oat 
with warm coffee ; if the stomach-tubo is not at hand, then empty the 
atomach by hypodermic injection of 5 dropa of apomorphine, or by a 
mustard emetic, or sulpliate of zinc. Keep the body very warm, 
but the cold douche may be applied to the head. 

Endeavours ahould be made to rouse the patient, if insensible, by 
shaking, shouting at him, &c. 

Inhalations of amyl nitrite are said to be useful. 
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Alkalies — Ammonia — Potash — Soda. — Stomacii-piimp or tnbO' 

not to be used. 

Vomiting nearly always present, or may be produced by administer- 
ing plenty of lukewarm water ; after which give dilute vinegar, or the 
jtdces of lemons or oranges ; olive oil, the white of eggs, bar- 
ley water, arrowroot, and always plenty of water may be admin- 
istered. 

There may be cedema of the glottis, especially if ammonia baa been 
taken. In anch a ease, and death threatening from suffocation, perform 
tracheotomy. In poisoning by ammonia, with croupous respiration, 
keep the room warm, and fill it with steam by means of a bronchitis 
kettle. 

Relievo pain by small doses of morphine injected Buhcutaneonsly. 



Ammonia.- 
Aktiablr. 



-See Alkalies. 
-See Digitalis. 



Antimont — Tabtar-Emetic — Antimonial Wine, &c. 

The stomach will generally have been emptied by vomiting. 
those rare cases in which thia does not take place, use the stomach- 
pump or tube, or give hyjjodermic injection of apomorphine. 
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Follow this with doses of stroi^ tea, or give balf-a-drachm c 
tannin or gallic acid in warm water. 

Give ulsu demulcent driukg, and Htimulants in small doses, freqneat'9 
^f repeated. 

^b Keep the patient very warm by hot blankets aiid wraps. 
^B The interrupted galvanic current to the heart may be useful. 

Apoctnin. — See Digitalis. 

AaSENlG. 

Use Che stomach-pump or tube, or empty stomach by emetics, ^ 
Buch as hypodermic solution of apomorphine, or g\\i- mustard or 
siilphate of zinc. The stomach should thuu bo washed out, by large 
quantities of water, moat conveniently administtTed by the pump or j 
tube. 

If the tube or pump is not at band, theu administer aX once eithfirl 
dialysed iron, or the freshly-precipitated hydrated oxide of iron, ' 
obtained by precipitating the ordinary perchloride by means of carbonate 
of soda or ammonia, avoiding excess of the latter. If the operator has 
sufiBcient chemical knowledge to precipiluio the irou with fair exactness, 
so that there is no great excess of ammonia, or of sodic carbonate, then 
filtration is unnecessary. In other cases, filter through a handkerchief. 

Oil, mucilaginous drinks, the whites of eggs, and, if faint* 
nees exists, small doses of stimulants may all be given. 

If the skin is cold, warmth must be appHed to the body by means I 
of hot blankets, &c. 

Pain may he relieved by morphine. 

Ateopine — Belladossa — Tincture of BELLAnoNXA. 

t Empty the stomach by means of the stomach-pump or tube. 
Give an enema of coffee. 
Administer half a grain of pilocarpine nitrate; or, if that i 
not at hand, morphine or opium in suitable doses will act to & ceas I 
tain extent antagonistic to the i>nisnn. 

A snbcntaneous dose of muscarine may be ai'lminiatered instead'i 
of pilocarpine, but is not quite so good. 

Hot water to the feet, alternate douches of cold and hot water are 
sound useful. 

If the respiration seems likely to stop, artificial respiration 
must be practiced 

Belladonxa. — See Ateopiice. 

Bekzese. 

If swallowed, then empty the stomach by pump or tube, or by the J 
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typodennic injection of apomorphine ; or give emetics, such as z 
Bulphate, mustard, or ipecacuanha. 

If the vapour has beeu inhaled, tins ia unnecessary. 

Plenty of fresh air, 

A suhcutancous dose of atropine, eay l-60th of a grait), or from 
30 to 40 drops of belladonna tincture. 

Alternate douches of hot and cold water to the chest, artificial 
respiration, if nccosaarj-. The heart to be maintained by mild inter- 
rupted shockB of the battery over the region of the heart. 

BiCHBOMATE OP POTASH. — See CnKOHIUM. 

BBticiKE. — See Strychnine. 
Calabak Bean — PnTsosTiawiNE, 

Use stomach-pump or tube, or emetics, auch aa sulphate of 
zinc, ULUStard, or ipecacuanha : or, better still, hypodermic solu- 
tion of apomorphine. 

Give hypodermic doses of l-6CUh grain atropine until the papils 
dilate. This treutment seeming to fail, chloral in 10-grain doses, every 
quarter of an hour, has been recommended. 

In certain cttaea strychnine has been used in hypodermic doses of 
l-13th of a grain. 

Stimufanta and artificial respiration will probably be neces- 
tiary in some cases. 

Camphor. 

Use Btomach-pump or tube, or empty the stomach by emetics. 

Hypodermic injections of brandy, iohalationa of ether, the alter- 
jOate hot and cold douche, warmth to the estremities by hot blankets, 
&c., seem to be the best methods of treatment. 

CaHTHA RIDES — C A NTHABIDINE. 

Use stomach-pump or tube, if the mucous membrane of the 
throat is not inflamed ; or adminiater hj-podermic dose of apomor- 
phine. or, give emetics — sulphate of zinc, mustard, or ipecacu- 
anha. 

Allay pain with morphine. Give plenty of water and demul- 
oent drinks. 



Ohlobal. 

Use stomach-pump or tube, and, when the stomach ia empi 
introduce by the same means warm coffee, or give a hypodermic injec- 



appendix: tkbatment — antidotes. 62T^ 

tion of apomorplime, or adminiBtcr emetics of sulphate of zinc, or 1 

mustard, or Ipecacuanha, I 

All enema of coflfee will be useful, I 

Ki'op the limbs wnrni, % 

Administer hypodermically 3 or 3 drops of the solution of strych- \ 

nine at intervals of from fifteen to twenty minntcH. i 

Rouso the patient by various means, such as shouting, shaking, flap- i 

ping the akin with a wet towel, &c. I 

Inhalations of amyl nitrite are wcommended. I 

Artificial respiration may be necessary. I 

Chlohatb of Potash. I 

Use the same treatment as fornitrate of potash (w/i/cA^ee, p. 633). J 

Chloride op Zinc. — See Zinc J 

Chloroform — (Inhaled). I 

Give plenty of fresh air, pull the tongue forward, and commencd 1 
at once artificial respiration. If the heart has stopped, strike the j 
chest two or three times very hard, over the region of the heart ; this has 
been found occasionally to restore its beat. Apply the battery, but j 
with a weak current only ; one pole may be placed on the larynx, tha j 
other at the pit of the stomach. | 

Inhulationa of nitrite of amyl are useful. The hot and cold ' 
douche may also bo used, ' 

Chloroform — (Swallowed). 

Empty the stomach by pump or tube, or by emetics, such as 5 
drops of the h}'poderniic solution of apomorphine or sulphate of 
zinc or mustard. 

Give an enema of hot coffee. 

Administer large draughts of water, which may advantageously 
contain a little sodic carbonate in solution. 

Attempt to rouse the patient, Nitrite of amyl inhalations, and, i 
if necessary, artificial respiration may be used. 

Cheouate op Potash. — See Chromium. 

Chromic Acid. — See Chromium. 

CHBOMitrM — Bichromate op Potash — Chromate op Potash — Ohro- I 

MIC Acid. 

Empty the stomach by pump or tube; administer a suboutaneouB 
injection of apomorphine, or give sulphate of zinc, mustard, or . 
ipecacuanha as emetics. Follow up by administering, suspended in. 
water, calcined magnesia, or carbonate of magnesia, or chalk. j 
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Bemtilceiit drlnkB, sach as barley-water, &c. 

CocccLus IxDicus. See Picrotoxin. 

CoLcmcuM — Meadow Saffron — CoLCHicra Wise, 1 

Use stomach-pump or tube, or ciniity (he stomach by emetica, 
Hncli as sulphate of zinc, or mustard, or ipecacuanha ; or, better 
than all, givu a lij-jioilermic injection of 4 or 6 dropa of the eolutiou of 
apomorphine. 

Give tannin or gallic acid in half-drachm doses, or strong t^a or 
coffee. 

Allay the pain in the bowels and purging by small dosea of opium 
or morphine. 

Keep the extremities warm, apply hot fomentations to the abdomen; 
stimulants may be nsed, give plenty of vater and demulcent 
drinks. 

CorxJCTNTH. 

Treatment on 



e lines as that of Colchiccm. 



CoNTOH— Hem loc k. 

Empty the stomach by the pxuup or tube, or give a hypodermic 
injection of 4 or 5 drops of the solution of apomorphine, or emetics 
of sulphate of zinc or mustard. 

Keep up the temperature of the body by hot wraps. 

Administer, as a drink, strong tea, tannin, gallic acids, or 
harmless vegetable decoction containing tannin. 

Stimulants may be administered. 

If necessary, use artificial respiration. 

Copper — Salts of. 

Empty stomach by pump or tube, and either inject by the same 
means or administer white of egg in solution in water ; if no white of 
eggs can be had, substitsite milk ; give plenty of water and emollient 
drinks. ^^^ 

Pain may be allayed by opium or morphine. ^^M 
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OOSROSITE SCBLIUATB — PbROHLOBIDE OF MeECURY — NtTRATB-JIV 

Mehcurt. 

Empty the stomach by the tube or pump, and wash the organ out 
with plenty of white of egg, dissolved in water or milk. If the stomacli- 
pump is not at hand, then give emetics, such as the solution of apomor- 
phine, hypodermieally, in from 4 to 5-drop doses, or a zinc sulphate 
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Btic, or muBtard, or ipecacuanha. Probably violent vomiting ia I 
alreiidy present, then stomach-tiibe or emetics are unnecessary ; bnt, in ] 
any case, give plenty of albuminoiia fluids, such as -white of eg( 
wuter or milk. If neither of these is nt httnd, cliop any £reBh meat 1 
np as finely as can be done in a short spiice of time, difluae in water, and I 
administer. Follow up with demulcent drinkB, such as barley- ] 
water, flour and water, &c. 

Pain may bo allayed with a little opium or morphine. 
Stimulants are admissible, if necessary. 

Ceotox Oil. 

Empty stomach by means of tube or pump, or give emetics of I 
muBtard or sulphate of zinc, or administer hy|3odermic injection of I 
apomorphine. 

Give 10 drops of laudanum every twenty minutes or half-hour, 
nntil the pain and purging are somewhat abated, or else inject subca- 
ily email doses of morphine at intervals. 

Give plenty of demulcent drinks. 

2 or 3 drops of CBBence of camphor in milk are useful. 

Stimulants, such as brandy, ammonia, or chloric ether, are < 
admissible. 

Oytisijte. — See Laburntm. 

Cub ARISTB — WOORA BI — Ur A Bl. 

The poison is of course introdneed by a wound ; if any is likely to 
be still in the wound apply a ligature, suck the wound, and then . 
wash it with a slightly alkaline solution of potasslc permanganate. 

Keep up the respiration artificially, ?ivo plenty of water 
and a dose of spirits of nitre, apply warmth to the loins. Hy tl 
means the poison will be readily separated by the urine; and. if tha | 
patient can only be kept alive by artificial respiration for a little time, 
he may recover, for elimination is very rapid. 

Cyanide of Potassium. — See Prcssio Acid, 






Digitalis Qboup of Heart Poisons, including, besides the Dioi- 
TAUNS, Antiarin, Apocynin, Nehiin, Oleandbin, Evontmin, 
Thevetin, Scillain, STROPnANTi!j and Ertthrophlein. 
Em pty the stomach by the tube or pump, or administer » sub^ | 

cntaneous dose (4 drops) of apomorphine, or give a tableapoonfal of I 

Iustard in water or aiUphate of zinc, 
L Follow up with strong tea, or half-a-drachm of tannin or gallio ] 
Id in aqueous solntion. 
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A very small dose of aconitine nitrate iu solution (say l-200tb 
of a grain) may be injected subcuUnoonslj and the effect watched ; if in 
a little time it seems to do good, repeat the dose. On no accotmt let 
the patient rise from the recumbent posture, or bo may faint to death. 

Stimulants in small doses may be given frequently by the mouth, 
or, if there is vomiting, by the bowel. 

Ergot. 

Use stomach-pump or tube, or empty the stomach by a mustard 
or sulphate of zinc emetic, or give a subcutaneouE injection of 
apomorphlne. 

Give a purgative, such as a drop of croton oU, and asaist its action 
by plenty of warm drinks. 

Tannin and gallic acid have also been recommended, bnt are 
probably of but little use. 

After the bowels have well acted, and the stomach has been emptied, 
give small doses of opium at intervals. 

Dr. Murrell recommends l-50th of a grain of nitro-glycerine 
every fifteen minutes. 

The recumbent position is necessary, and the circulation should-ii 
maintained by warmth, and, if necessary, by friction. 



Ebtthrophlein. — See Dioitaub. 

Ethee. — The same treatment as with CnLOaOFOKM. 

EvoNYMis. — See DioirALia 

FtjsGi. — See MrseROOMa. 
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Gelseminine. 

If seen soon after taking the dose, use the stomach-pump or 
tube, or give a tablespoonful of mustard. 

Administer a small dose of atropine subcutaneoualy, or give by 
the mouth tincture of belladonna in aO-drop doaes. 

Stimulants are admissible. 

If necessary, use artificial respiration. 

Eouse the patient by the hot and cold douches. 

Hemlock. — See Coniine — Conicm. 

Henbane— Htoscyamine — The same treatment as for ATBOpnraj 

Htdroculoric Acid. — See Acids Mineral. 
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Btbroctaxio Acid. — Sec Pkussic Acid. 
Htosctamixe. — The eame treatment as for Atropine. 

Iodine. 

Empty the stomach by pump or tube, or administer emetics, euch 
as thi? hypodermic Bolution of apomorphine, or give by the mouth 
mustard or sulphate of zinc. 

(five plenty of starch Jiffiised in warm water, or in the form of a. 
diluto paste ; or give atiy farinaceous substance whatever, sach 03 
arrowroot, boiled rice, or flour, or tliin gruel. 

Inhalations of amyl nitrite have been reonnimended, 

Pain may he relieved by morphine or opium. 



Jaborandi. — Treatment the s; 



3 PiLOCAttPINB, 



Labcrkuu Seeds. — Cytisine. 

Empty stomach by tube or pump, und wash it out with tea or 
coffee, or give (as an emetic) a hypodermic dose of apomorphine, or 
{by the mouth) mustard or zinc sulphate; follow up this treat- 
ment by au enema, or a brisk purgative. 

Stimulants may l>e administered; the patient may be roused by 
the hot or cold douche. 

Lacdanuh. — See Morphine. 

Laubbl Water. — Sec Pris-sic Acid. 

Lead— Salts of. 

Empty stomach by pump or tube, or administor aubcutaneously 
a dose of apomorphine, 4 to 6 drops ; or give by the mouth a sul- 
phate of zinc or mustard emetic. Follow up with half a drachm of 
dilute sulphuric acid, or half an ounce of maguesic or sodic sul- 
phate. 

Milk and albuminous fluids may be given. 

Allay pain with opium or morphine. Treat oolic with hot fo* 
mentations. 

Meadow Saffron. — See Colchiccm. 

Merccrt — Salts of. — See Corrosive Sublimate. 

Monkshood. — See Aconite. 

Mobphine — Opium — Laudanum and preparations in which the OPinic 
Alkaloids predominate. 
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If taken bj the moath, empty the stomach, but, if taken bj hj- 
podermic injection, this would be useless. The stomach in opiani-poi- 
soQing is best relieved by the pump or tube, aiid should then be well 
washed out with hot co£fee, leaving in the organ a pint or more. If 
thcftomach-piimp or tube is not at hand, a large ^abcutaneous doee of 
apomorplline (say 10 minims) may be given, or mustard or zinc 
sulphate, bat there may be difficulty in obtaining vomiting from auy 
«metic. 

Attempt to roase the patient by the battery, if at hand ; by flips 
with a towel, and by shaking. In all books will be found the uaual 
direction that you are to keep walking the patient about ; but this treat- 
ment is questionable, and likely to favour the toxic action of morphine 
on the heart. 

Ammonia may be applied to the nostrils. 

Hot coffee may also be introduced into the bowels by an enema 
apparatus, or by a simple tube. 

The alternate cold and hot douche to the head is good, but the 
body should be kept warm with liot wraps. 

Small subcutaneous doses of atropine (say l-20th of a grain) may 
be administered, repeating the dose every twenty minutes, and watching 
the effect. 

If necessary, apply artificial respiration. 

Inhalations of nitrite of amyl have )jceu used. 

Muscarine. — See Mpshrooms. 

Mushrooms — Miscarise — Poisoyors Fusfii Oexerallt. 

Empty stomach by stomach-pump or tube ; or give a subcu- 
taneous dose of apomophine, or administer by the mouth, either 
mustard or zinc sulphate. 

Inject as soon as possible a subcutaneous dose of 3 to 4 drops of the 
Bolution of atropine ; or, after the stomach has been emptied, give 
tincture of belladonna evei^ half-hour in from 20 to 30-min. doses. 

It is equally Important to remove the remains of the fuugi from the 
intestinoa, and for this purpose it is well to give a dose of castor oil, 
and to use an enema. 

Stimulants mtiy be given. The body should be kept warm. 

Nebiis. — See Digitalis, 

Nicotine — Tobacco. 

Unless the stomach has been already emptied by vomiting, 
stomach-pump or tube, or give an emetic of mustard and plenty of 
water. 

Inject Bubcutaneously a small dose of strychnine fsay about !■ 
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of a grain of the nitrate), or give half-a-drachm of tincture of nilX 
vomica. 

StiTniilants, such as brandy, chloric ether, &c., may be given. 

Keep the body warm, but the cold douche may be applied to the 
head. 

Tannin and vegetable infusions containing tannin may also be 
given, but it is questionable if they are of much use, unless any rem- 
nants remain in the stomach. 

Keep the patient lying down for fear of fatal syncope. 

Nitre — Nitrate of Potash. 

Empty the stomach immediately by the piunp or tube, or give a 
subcutaneous dose of apomorphine (from 2 to 3 drops), or administer 
by the mouth a tablespoonful of mustard, or a scruple of sulphate 
of zinc. 

Dilute the poison, and attempt tp wash it out of the system by giv- 
ing plenty of water, or mucilaginous drinks. 

Apply hot fomentations to the loins, and keep the patient as warm 
as possible. 

Stimulants that are likely to increase the kidney congestion are ta 
be avoided. 

Inhalations of nitrite of amyl have been recommended. 

Nitric Acid — See Acids Mineral. 

Nitro-Bbnzeke. 

Empty the stomach at once by the stomach-pump or tube and 
wash the orgah out with plenty of warm water, to which advantageous- 
ly a little spirit may be added ; or give emetics, such as zinc sulphate 
or mustard. 

Administer stimulants, either by the stomach-tube, as an enema 
or by subcutaneous injection. 

Keep up the respiration artificially, if necessary, and maintain tho 
hearts action by application of weak, interrupted shocks to the chest- 
wall, by means of the battery. 

Rouse the patient by the douche. 

Atropine subcutaneously has been recommended. 

Nitrous Oxide Gas. 

The treatment is the same essentially as for chloroform (which see). 

Inhalations of oxygen may do good, but oxygen is very rarely at 
hand. • 

Ncx Vomica. — See Strychnine. 
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■Oleahdbin. — See Digitalis. 
Opicm. — See Morphine. 

■Oxalic Acid — Binosalate of Potash — Sodic Oxalate, 

Unless the patient lias already vomited freely, empty the etomach 
at once by emetics of zinc sulphate or mustard \ or the stomach- 
pump or tube may. in most eases, be used. If the acid has been 
taken, neutralise by chalk lime ■water, or better, by saccharated 
lime water ; but on no account neutralise by carbonate of soda or 
any alkiili, for the alkaline oxalates are extremely poisoDous. 

Assist elimination by the kidneys by giving plenty of water ; apply 
hot fomentations to the loina. 

An enema may be given, if neceBsary, to empty the bowels wel 
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PHOSPHOROrS. 

Empty the stomach by tuhe or pump, and, at the same 
wash the organ out with water to which has been added a drachm of 
French turpentine, or give c-metics. The best emetic for phosphor- 
ous is said to be sulphate of copper, 4 or 5 grains dissolved in water, 
and given every ten minutes until vomiting is produced. 

In default of sulphate of copper, then Btilphate of zinc or mus- 
tard. 

Give half-drachm doses of turpentine, floating on water or on 
mucilage, every half-hour. Inhalations of turpentine vaponr, much 
diluted, are also of service. The American and Gennan turpentines are 
eaid to be of no avail. Probably, the turpentine will freely purge the 
patient; but, if not, the bowels should be opened by a suitable purga- 
tive, such, for instance, as magnesic sulphate. 

Phybostiomiite. — See Oalabar Bean. 

PiCBOTOXIN — COCCCLUS iNDICfS, 

Use stomach-pump or tube, or empty stomach by usual emetics 
— e.i/., mustard, zinc sulphate, or apomorphine, subcutaneouely. 

Chloral in doacs of from 10 to 20 grains, may be given every half- 
hour to allay or prevent tetanus, the effects being, of course, watched. 
For the same purpose bromide of potaasium has been recommended. 
In severe cases, it may be combined with chloral, I drachm of the bro- 
mide with 'ZO grains of chloral. 

Pilocarpine. 

The best treatment is a subcutaneous dose of atropln^ (say 1-COth 
of a grain), or tincture of belladonna by the mouth in 29 minim 
doses, to he repeated every twenty minutes until the pupils dilate. 
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Potash. — See Alkalies. 

Pbussic Acid. 

Use stomach-pump or tube, or^ if not at hand^ an emetic of mus- 
tard or sulphate of zinc. 

If the breathing has stopped, try artificial respiration and weak 
4Bhocks to the heart. 

1.60th of a grain of atropine snbcutaneously is recommended to 
iissist the heart's action. 

A brandy enema may be given, or brandy injected under the 
«kin. 

The body must be kept warm, but the cold douche may be advan- 
tageously applied to the head. 

Salts of Sobbbl. — See Oxalic Acid 

Savin. 

If the patient has not abeady emptied the stomach by repeated 
Tomiting, and the throat is not inflamed, use the stomach-pump 
or tube, and wash the organ out with water, or give any one of the 
usual emetics — such as mustard, sulphate of zinc, or impecacu- 
anha. 

If the bowels have not acted well, give a dose of castor oil ; allay 
pain with small doses of morphine. 

Scillain. — See Digitalis. 

SkAKES — BITE OF. 

Suck the wound, and apply an alkaline solution of permanganate 
of potash. 

In severe cases of cobra poisoning and other extremely venomous 
snakes — death threatening, the only likely means of saving life would be 
bleeding at one arm and transfusing blood by the other. 

Ammonia may be given by the mouth, and also smelt. 

In cobra poisoning and venoms which kill mainly through the res- 
piration, the breathing must be kept up artificially ; and, should there 
be signs of the heart failing, weak, interrupted galvanic shocks may 
be applied to the walls of the chest. 

Lacerda's plan of injecting permanganate of potash under the skin, 
is not alone useless but mischievous, for it takes up time which might 
be more valuably employed. 

Soda Caustic. — See Alkalies. 
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SOLANINE — SOLANCOM DuLCAMARA — BiTTER SWEET — WOODT NIGHT- 
SHADE. — The same treatment as for Atropine {which see). 

STRAMONinH, — The same treatment as for Atropine. 
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E Digitalis. 



Sthtchnine — Bkucine— Sus Vomica. 

Empty the stomacli as quickly aa poseible by an emelic of mus- 
tard, or zinc sulphate, or by a hypodermic solution of apomor- 
phine (4 drops). 

The stomach-pump or tube ina<]missible ; for, if tetanus is pi-eaeut, 
it cannot Im apphed ; or, if absent, it k likely to excite a spasm. 

Piiice patient at once under ohlorofonn or ether, and keep up 
a gentle narcosis for several hours, if necesKiry, 

Darken the room, stifle all noise ; if in a town, and opportunity 
permit, have straw or peat placed at once before the houso to deaden 
noiae. 

If the spasms threaten the respiration, artiflcial respiration is 
absolutely necessary jaud, to facilitate this, it would be justifinble, in a. 
dangerous case, to perform tracheotomy, of coorae under chloro- 
form. 

Chloral may be given in place of chloroform, but the latter is best ; 
the doee of chloral should be, at least, half-a-draclim, and if no effect is 
produced in half-an-hour, then doses of %0 grains should be given at in- 
tervals of a quarter of an hour. 

If neither chloroform nor chloral is at hand, the juice from a 
recently-smoked pipe may be diffused in a little water and a few drops 
injected subcutaneously, and the effect watched. If there is u marked 
improvement the treatment may be persevered in. 

Bromide of potassium in combination with chloral has been re- 
commended. 

Nitrite of amyl inhalations are said to bo of use. 

Curarine, in a subcutaneous dose of one-third of a grain, is antugon- 
istic so far that it pandysea the voluntary muscles. 

SuLPHOBio Acid. — See Acids, Mineral. 

Tartar Emetio. — See Antimony: 

Tabtario Aotd. — The same treatment as for Oxalic Acid (whidt 

see). 

Thevetin. — See Dihitai.T'^. 
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Tobacco. — See Nicotine. 

TUKPENTINE. 

Empty stomach by tube or pump, or administer the usual eme- 
tics^ such as mustard, or sulphate of zinc, or ipecacuanliay or 
give hypodermically 3 or 4 drops of the solution of apomorphine. 

If purging is not already present, empty the bowel by enema ; 
give plenty of water and demulcent drinks to aid elimination by kid- 
neys. 

Apply hot fomentations to the loins. 

Allay pain with opium or morphine. 

Veratbine. 

Empty the stomach by the tube or pump, or give any one of the 
usual emetics — such as mustard, or zinc sulphate, or ipecacuan- 
ha« 

Keep the patient lying down. 

Stimulants may be administered. 

An enema of hot coffee has been recommended. 

Keep the body warm with wraps, hot blankets, &c. 

White Precipitate. — The same treatment as for Cobrosivb Sublim- 
ate. 

Wasps, Bees, Hornets — sting of. 

An onion immediately applied to the part stung is a favourite pop- 
ular remedy ; but ammonia is better. 

Extract the sting, if it remains in the wound. 

Give stimulants, if necessary. 

Zinc 

The only salt Ukely to cause poisonous symptoms is the chloride, 
which is used in the arts, and is the active principle of Burnett's disin- 
fecting fluid, 

Stomach-pump or tube inadmissible. Give plenty of water, in 
which carbonate of soda is dissolved; or, if that is not at hand, car* 
bonate of potash. 

Bggs and milk should also be given. 

Solutions of tannin, strong tea, and the like, also, to some extent, 
neutralise the poison. 

The pain in the abdomen is to be allayed in the usual way — ^by hot 
fomentations and small frequent doses of morphine or opium. 
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DOMESTIC READY REMEDIES FOR POISONING. 

Large households^ more especially those in which no one possesses 
any special medical knowledge, would do well to furnish an antidote 
CUPBOARD, for use in cases of emergency. This cupboard may con- 
tain : — 

(1.) The Multiple Antidote, which consists of saturated solution of 
sulphate of iron 100 parts, water 800, magnesia 88, animal charcoal 44 
parts. It is best to have the animal charcoal and magnesia mixed to- 
gether in the dry state and kept in a well-corked bottle ; when required 
for use, the saturated solution of sulphate of iron is mixed with eight 
times its bulk of water, and the mixture of charcoal and magnesia added 
with constant stirring. The multiple antidote may be given in wine- 
glassful doses, frequently repeated, in poisoning by arsenic, zinc, opium, 
digitalis, mercury, or strychnine ; it is of no use in phosphorous poison- 
ing, or in poisoning by the caustic alkalies or antimony. 

(2.) Calcified Magnesia, for use in poisoning by acids. 

(3.) Fremh Turpentine, for poisoning by phosphorus. 

(4. ) Powdered ipecacuanha in a well-corked bottle ; the bottle con- 
taining a small pill-box which is cut down, so that when full it con- 
tains 30 grains— the proper dose as an emetic. A similar small supply of 
sulphate of zinc may also be provided. 

(5.) A tin of mustard. 

(6.) A bottle of vinegar. 

If, then, provided with such a supply, any member is known to 
have taken poison, and yet the precise poison is not known, give a sul- 
phate of zinc or ipecacuanha emetic, and follow it up by the mul- 
tiple antidote, which is in itself not poisonous. 

If Phosphorus has been taken, then give the French turpentine 
as directed under phosphorus (p. 634). 

If Acids, neutralise by the calcined magnesia— (see Acids— min- 
eral, p. 623). 

If Alkalies, neutralise with vinegar— (see Alkalies, p. 624). 
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citrate of, 559 

setimation of, by potassic bichro- 
■ mate, 563 

I extraction and detection of, 560 
r in the arts. 560 
lozen^, 559 
medicinal dose of, 660 
subnitrate of, 559 
sulphide of, 558 
teroKide of, 058 
toxic effects of, 560 
valerianate of, 560 
Bismuthic potassic iodide, 300 
Bisulphide of carbon, 141, 143 
Black drop. 358 
BUck lotion, S71 

Blair's gout pills, poisonirg by. 373 
Blake's experiments with prilssio acid 

on animals, 173 
Bias, case of hellebore poisoning, re- 
lated by, 857 
Blondlot's apparatus for evolution of 
fhosjihine, 304 
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Blondlot's experiments on the nature 
of the acid of the gastric iuice. 73 
Blood, action of ammonia on, 88 
uitro-benzeae on. 165 
phosphine on. 197 
potasHic chlorate on, 108 
pruBSic acid on, 175, 178 
sodic and potassic salts, 97 
sulphuric acid on, 59 
and blood -spots, examination of 

(AppendiJ^i, 615, 616 
corpuscles, nieasurenient of (Appen- 

du-), 619 
in poisoning by sulphuric acid, 59 
separatiun of strj^cbnine from. 303 
sodic and potassic salt in different 
proportions in different animals 
{Appendie), 819, 630 
solubility of phosphine in. 197 
treatment of, in Dragendorff's pro- 
cess, 313 
Bloxam's galvanic process for the de- 
tection of ai'senic, 506 
Blue pigment in the urine, after taking 

carlxilic acid. 153 
Blue pill, composition of, 589 
Bocarme, Ckiunt, poisoning of H. Foug- 

nies by, 345 
Booker, F. W.. work on poisons, 16 
Boeck, work on poisons. L6 
B5hni on action of barimu eafts, 613 
case of mental disease Qirough 

chloroform, recorded by. IM 
case of contraction of the gullet 
through caustic alkali, recorded by^ 

94 
work on heart-poisons, 833 
work on poisons, 13 
Boerhave's odontalgic essence, 359 
Bois, case of poisoning by subcutaneoUB 
administration of strychnine, re- 
corded by, 395 
Boleyn, Anne, 13 
" m, action of phosphorous on, 195 

in>onicin.5fl5 
Bonfanti, Tarchioni. chronic poisoning 

by cantliarides, related by. 439 
Borax solution, use of. in dissolving' out 
luemaCin from blood lAppeiuli^), 
618 
BosCrflm'a experiments on the morelle, 

379 
Botts' analysis of samplesof opium, 353 
Bouchardat, case of poisoning by phos- 
phorous, related by. 198 
extraction of morphine tiom the 
urine by. 376 
Boussingault's observation of a sul- 
phuric acid stream, 36 
Bowman's f>athological specimen. U- 
lustrating effects of hydrochlorio 

Boyle, Hon, Robert, 18 
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Br&ccOBnot on the gastric juice, 71 
Brain, attractioa for alcohol of the. 119 
Brame, C., antiseptic effects of prussic 

ac'id, 178 
Brande, 10 

BrasB, bronzing of, 483 
■' Bravo " case of poisonine, 525 
Briande and Claude's work on poiaons, 

1(1 

Brigliton green, 553 
BrinTilliers, Madame de, 11 
Britannia metal, c-onipoaition of, C33 
Brenner on chronic poiflooine by pb09- 

phine. 187 
Britannicus, death of, T 
Brodie, Sir Benj,, ejqjerimenta on 

tion of areenic on rabbits. 489 
experimente on action of baric 

chloride [Ai^petidur). 617 
Bromine teat for carbolic acid, 105 
Bromo-picrotoxin, 418 
Bronchitis, improper admioistration of 

opium in, 274 
Brouardel and Boutmy'a teat for pto- 

Brotiordel and L'Hote'e case ol 
ing by potassic chlorate, 
Brown, Cnim, and Fraeer, on action of 
methyl coniine, 236 
on action of mettijl strychDine. 307 
on connection between chemical 
composition and t«xic action, 36 
Brucine, 807. 810 

phoBpho-moljbdate of, 210 
precipitate by Mayer's reagent, 234 
properties o^ 807 
salts of, 307 

short process of extraction, 225 
separation of. by ammoniacal pe- 
troleum ether, 219 
separation of, from organic mat- 
ters, 310 
t«st for, 308, 310 

treatment of poisoning by (Appen- 
dir). 826 
Brunner. injtction of phosphoroua into 

the veins by. IM 
Brunswick green. 553 
Bruntuu. T, L.. lever for registering 
and exhibiting graphically action 
of heart. 48 
Buchanan, case of ether-poisoning re- 
corded by, 122 
Buchner. C. A., case of jxiisoning by 
nitric acid recorded by, 80 
case of mania produced by chloro- 
form. 181 
Buchner, E., 16 
Buchwald. case of poisoning fay agar- 

ioii ruber, 378 
Bureundy, Duke of, 8 
Burkart, caae of poisoning by chloro- _ 
form related by, 127 I 



Burnett's fluid. 393 

case of death from. 595 
Busscher, A,, case of jMiisoning by 

aconttiue related bv. !(J7. 8*39 
Butler's vermin -killer. 2*1 
Butter of antiJiuny (see aiid'moiiy ' >i.o,'- 

iiZe) 
Butyric acid produ ced by the oxidation 



Caueverio rigidity in death from alco- 
hol poisoning, 118 
Cadmium, 680, 583 

fatal dose of, 531 

in the arts. 631 

iodide of, 581 

limit of toxicity as regards fish, 87 

medicinal preparations of, 531 

ointment of, 531 

oxide uf, 630 

separation and detection of. 532 

sulphide. 580 
Caillol and Liron, experiments on auti- 

monv oxide, 534 
Calabar bean. 358, 303 

treatment of poisoning by iAppen- 
dio.-). 620 
Calabarine, properties of, 859 
Calomel [ste inemiroiia cltloridej 
Calvert's carbolic acid powders, 145 
Camphor, 114, 115 

compound liniment of. 114 

compound tincture of. 114 

liniment of. 114 

poisoning by, 115 

separation of. 115 

separation of. by petroleum ether 



ther, 
caiM 



o( poisoning. 115 
Campliora offunnanim, 114 
Camphoric acid, 115 
Candles, arsenical. 508 
Cantharidea, 436, 432 

ctironic poisoning by. 429 

pharmaceutical preparations of, 4^ 

poisoning by, 42!4 

poat-morloii appearances in poison- 
ing bv, 429 

statistics of [uisoning by. 29, 30, 34 
Cantharidin, effects on aninials, 437 

effects on man, 438 

properties of, 426, 427 

separation of, 431 

separation of, by benzene, 214 

auoliining point of, 232 

tests for, 430 
Caoutchouc as a constituent of opium. 
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■CBpaicmn seeds, distinguished from da- 
tura, 388, 337 
-Carbolic acidi, assay of, 15S 

changes m urine produced by, lil 
colonmetric method of estimating, 

160 
effects on animals ; dsh, frozs, in- 
fusoria, and warm-blood9d ani- 
mals. 147, 148 
fatal dose of, 140 
internal nd ministration of, 150 
phjBiologicaJ action of. 153. 
po»t-mortem appearances in poison- 
ing by, 154 
powoem, assay of, 101 
properties of, 143, 144 
quantitative eatimatioo of, 150 
separation of, by petroleum etber. 
m Drageudorffa process, 313 
'sepBration of. by the urine, 101 
BoapB.146 
analyBiaof, 143, 161 
statistics of poisoning by (Tables I. , 

n.. m..)39, 30, 31, 145, 146 
symptoms of poisoning by, 148, 

149. 151 
t&eba for. 15S 
Carbon diaulphide. 141, 143 
chronic poisoning by, 142 
detection and separation of, 143 
effects on animals of, 113 
poisoning by, 141 

poit-mortem appearances in poison- 
ing by, 143 
Carbon tetrachloride, 133 
Carbonatfl of aoda, 93 
Carbonic acid gas, statiatics of poison- 



Carotid artery, exposure of, in the rab- 
bit, 44 
Carpet, action of sulphuric acid on 

woolen, 80 
Oorre's process of freezing by ammonia, 

87 
Carridre. case of death from a prusaic 

acid enema, related by, 170 
Casper, ease of poisoning by sulphuric 
acid, related by, 68 
_ _» of poisoning by veratrum, 857 
on cadaveric rigidity in alcoholic 

poisoning, 118 
OB lethal dose of colcbicum, 871 
1 poisonous propertieE of nitro- 
me. 163 
a poisons, 16 

"■ — -B of 




of, in prosaic acid, 160 



Casselitt, yellow, 522 
Catai^aumn conii, 389 
Cativolcus. 4 
CattlB-poiaoning by lead, 538 

in todia, 5 

Cedreoea, 111 

Celandine, extraction of, by chloto-'fl 

form. S34 I 

Cephalopoda, influence of various poi- 1 

Chalk and opium, aromatic powder of,! 
256 1 

Charles le Mauvais, king of Mavarie, 8 1 
CliarlesIX.,e 1 

Chelidonium, percentage of carbon and ] 
nitrogen in, 233 r 

Cherry laurel, content of prusaic acid 

in, 169 ] 

Chevaliier, A., work on toxicology. 16 -l 
Chittenden and Donaldson, method of J 

estimating arsenic, 508 
Chiaie, S., work on toxicology, 18 
Children poisoned by opium, 361 
Ching's worm-lozenge. 574 
Chloral hydrate, 134, 141 
action on blood. 130 
antagonistic to physosti^^ne, 362 
antagonistic to picrotoxm. 41a 
chroiiio poisoning by, 139, 140 
depression of temperature by. 130 
eSecta on animals. 136 
effects on man. 137 
fatal dose of. 137 

manufacture of chloroform from, I 
196 ■ 



Btatistics of poiaoning, 39, i 
treatment of poisi 
dix). 626, 027 



treatment of poisoning by {Appeni- 1 



Chlorate of potash, poiaoning by, 101 
treatment of poisoning oy (Appetk- I 
diiE). 637 ■ 

Chlorates, test for, 104 

Chloride of gold, 209 
of zino (see jeitk) 

Chlorodyne, 359 



alcohol as an impurity, 134, 136 
aniestheaia by. 180, 131 
chronic poisoning by. 181 
diacovery of, 134 
detection and eatimation of, 181 
fatal dose of. 137 
general effects of liquid. 137 
law against criminal admiulstratlon I 
of, 80 -" 

local action of, 136 
mania produced by, 181 



G4ti 



Chloroform, manufarture of, 136 

post-morteiit appearances in poieon- 

ing by the litiuid, 128 
pogt- mortent &ppea,rancea ia poison- 
ing by the va|)otir, 181 
properties ol. 134 
qiiantitative etttiiual 
statistics i ' 
itatutics 
138. 12B 
atatiBtics relative to poisoning by, 

20, 30, 31 
suicidal &ad crimlaal poisoaing by. 

129 
symptoms produced by, 138 
teeta for, 124. 128 
teste for alcohol in, 139 
Chlorometbane, i:i3 
Chloroial-iuethyliDe, 407 • 

Christison, Sirltobert, auto-eiperiments 
on the eSiXta of calabar- beau, 301 
oaae of external application of 

opium, recorded by, 373 
case of poisoning by acid sulphuric, 

58 
case of poisoning by laburnum, 354 
case of poisoning by anuff , 24fi 
deidcriptiouof oxalic acid poisuoinK, 

461 
on poisonous dose of strychnine. 

2S5 
work ou poisons, 16 
Chromatee and chromium, separation 
of, 608, 608 
of lea/i, death from, 607 
poisoning by, 006 

treatment of poisoning by {Appen- 
dix). 627 
Chrome red. 536 
yellow, 036 
Chromic acid, statistics of poisoning by, 

30,81 
Chtomium, 604. 609 

compounds, effect on animals, 605 
effect on man, 007 
Ciaccio, Prof., experiments on pto- 

Oicuta tJtroso, 415 
Gicutoxin, 413,417 

effects on animals. 416 

effects on man. 416 

separation of, 417 
Cinchontdine. plat, chloride, 234 
Cinchonine. extraction of, by ammo- 
niacal benzene, 323, 224 



plat, chloride, compound of, 235 

precipitate, by Mayer's reagent, 334 
Cinnabar, 673 

dose for horses, 575 
Circuliitiuu, changes in, produced by 

poisons, 41 



Circulation and respiratini 

for graphically representing. 4S 
Githagin, 3U0 

Claudius, death of, from poison, S 
Cleopatra, death of, 6 
Clement XIX. and the court of poisoo- 

ers. U 
Clotliing, action of sulphuric acid on,QO 
Coal-tai- creosote. 143 
Cobalt, 5U6. 6SU 

estimation of. 599 

limit of toxicity for fisli. 87 

salts, effects on animals, 597, 598 

on tile circulation, 5U8 

on the nervous system, 508 

separation from aninial matters. 598 

S9U 
action on striped muscle. 598 
Cobra, poison of, 432. 435 

chemical compueition of, 4S3 
detection of, 436 " 

effects of, on animals, 438 
effects of, on man, 484 
platinum compound of the B 

principle, 43^ 
properties of, 438 
Cocaine, carbon and nitrogen, percent^ 

age of, 233 
Cocculus indJcuB, 413 

caae of poisoning by. 414 
treatment of poisoning by {Appen- 
dix). 628 
Codamine, in list of opium alkaloids, 
353 
tests for, 386 
Codeine, 353 

Carbon and nitrogen, percei 






bffecta of, 380 
lethal dose of nitrate, SOS 
phospho-molybdate, 210 
platinum compound of, 380 
separation of, by ammooiacal ben- 



1,233 



sleep, contrasted with that pro- 
duced by morphine, """" ' 
Colchieene, carbon and n 
centoge of, 333 

properties of. 368, 369 

colour I'eactions of, 869 
Colchicine, 368, 374 

;li a viour towards ferrid-cyanideof 
potash. 444 

carbon anrl nitrogen, percentage of 



inta«o^| 

^^^ 
acal ben- 1 

,hat pro- 
i80, 281 j 

[troK«^^^^ 

d-cyanideof i 



3S3 



extraction of by petrolei 

315 
pbospbo-molybdate of, 310 
precipitates of. 370 
properties of, 368, 369 



n ether. 



Colchicine, separation of, from organic 

oiatterB. 374 
Colchicum, effecto oa man, 372 

extract of. 370 

fatal iloae of, 371 

general symptoms of poisoning bf. 



quack and patent preparations of. 



a of poisoning by, 29, 30. 34 

tincture of, 870 

treatment of poisoning by, 628 

vinegar, 870 

wine, 370 
Ccdic, as a reenlt of lead poisoning, 541 
CoUidine, behaviour of, towards ferrid- 
cyanide of potash. 444 

as a constituent of tobacco. 347 
Colocynth, statistics of fwisoning by. 30 

treatment of poisoning by {Aiy>en- 

dix). 03a 
Colocynthin. extraction of by petrol- 
eum ether. 314 
Colophene, 111 

Colour reactions of the alkaloids, 327 
Coma of epilepsy, 375 
Conhydrine. 338 

carbon and nitrogen, percentage of, 
383 
ConifyriB. action of acid vapours on, 79 
Cooiine, 337, 243 

and nicotine, distinctive tests for, 
244 
m carbon and nitrogen, percentage of, 
■ 233 
H discovery of. 15 
V effects on animals, 344 
" effects on man of, 240 
fatal dose of, 341 
methyl, 388 

pharmaceutical preparations of , 239 
phoapbo-molybdate, 210 
physiological action of, 241 
platinum compound of, 385 
post-mortem appearances in poison- 
ing by, S41 
precipitating agents for, 238 
properties of, 387. 388 
ptomaine resembling, 441 
salts of. 237 

Statistics of poisoning by, 380, 340 
treatment of poisoning by iAppen- 

due), ess 

value of Mayer's precipitate of, 234 
Convulsives, 24 
Cooke Barrington, rase of jwisoning by 

antimony chloride, recorded by, 

527. 528 
Copper, 549, 658 



Copper, ancient knowledge of, 4 

as a normal constituent of animal | 

ami vegetable organisms, 551 
chronic pDiiouiug by. 506 
detection and estimation of, 566 
in animal matters, 557 
in water. 5ri7 
effects on animals. 654 
articles of food, 561 
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in wheat, 551 

limit of toxicity of, 37 

medicinal doee of, -554 

metlioinil preparations of. 553 

oxide of. 690 

poisonous dose of, 554 

poKt-nMrtem appearances in poison 

ing by, 655 
solubility of, in various Quids, 560 
statistics relative to poisoning by^ 

39, 30, 31, 84 
sulphate, acute poisoning by, S64 
B u 1 p 1 1 ate , posl-mortem appearances, 

655 
treatment of poisoning by MpiWft. ' 

due) 628 
volumetric processes of detennia- 

ing. 558 
Coqueret, " mass " poisoning from a 

Die. recorded by, 480 
Corpse, decomjiosition of, after deatli» 

from poisuning. 7 
Corrosive Bubtimat« (see n 

Council of ten, 9 

Coutj-. M,. observations on curarine.Sf 

Creaaote. 156 

poisonous properties, 157 
Crnsol. 158 
Cresylic acid. 144 
Criminal poisoning, statistics relative to,l 
36 ' 

Cross, experiments on pigeons withalco> 

hoi, 120 
Croton oil, 420, 431 

chemical analysis of, 420 

dose of, 431 

effects of, 431 

liniment of, 420 

pmt-mortem appearances in poison- 
ing by, 431 

cases of poisouingby, 431 

statistics of poisoning by. 85 

treatment of poisoning by {Appei^ 

di£). 689 I 

Croton seeds. 430 

Crum's method of tstimatinK nitrat^&fl 

86 1 

Crural artery, exposure of, in rabbitiJ 

Crvptopine, 953 

properties of, 384, 386 
Curariue, 365, 368 
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^^K Curarine, carbon aad nitrogen, per- 


Delphinine, carbon and nitrogen, W^^ 


^H centage of. 383 


tent of. 333 


^H extroi't of, 366 


discovery of, 15 


^^1 pliyaiological effects of, 366, 867 


gold chloride compound of, 336 




Beparstion of, by benzene, 22S 
sublimation of, 231 


^^H properties of, 600 


^H separation of, 3U7. 3B8 


Demosthenes, death of, 6 


^H tests Cor. 367 


Deutech, case of poisoning by sulphuric 

acid related by. 57 


^^H treatment of poiaomag by {Appeti- 


^H (ju:), 639 


Devergie. A., work on toiicologj. 17 


^H ' ■ Cutting and stabbing " as a means of 


Dhafura-piants, 836 


^m BUicide, 84 


ciiminal use of by the Hindus, 341 


^^1 <Vanide. mercuric, 183 




^H methyl, 184 


cyanide of potash of, 444 


^^M statietica relative to polBoniDg by, 

^M 3B, 30, 31,85 
^H silver, ISi 


Digestive tract, general acUon of poi- 
sons on. 4Q 
Digitalein. properties of, 380 
Digitaleretin. 888 


^^V Bodic and ammoniao, 188 


^^ ■Cyanidee, double, 183 


Digitaletin. 881 




Digitolin, 881 


Cyanuric acid, 184 


action on the frog's heart. 890. 891 


Cymene, lU 


action on the heart, 388 


Cymogene, !(« 


action on the muco-intestinol tract, 


Cystitis, caused by eating Algerian 


389,390 ^^ 


frogB. 431 
CytisJne.lsa, 354 




colour reactions of. 882, 883 ^^^H 


carbon and nitrogen, percentage of. 


fatal dose of. 383. 884 ^^M 


^_ 333 


French, 383 ^^H 


^H. effects on animalR. 358 


German, 882 ^^^H 


^B effects on man, 368, 854 


local action of, 388 ^^^H 


^H nitrate of, 363 


Homolle's382 ^^H 


^^m properties of, 353, 353 


physiological action of, 888 ^^H 
post-morietn appearances of polw^^ 


^H t«BtB for, 353 


^^H treatment of poisoning by (^j»pcw- 


ing by, 3B1 


^H dij^). 630 


reaction with potassic ferrid-cyw 


^^B CMisiuI(ibum»7n, 353 


ide, 444 


^H CEermac'H rabbit-bolder. 48 


separation of, by benzene, 315 




separation of. by chloroform, 216 
DigitaliB, 3T9. 8H2 


^H Datura alba. 336 


Acetum. 883 


^H afrox. 380 


botanical characters of, 879. 360 


^H delirium, 3M 


effects on man, 385 


^M fattuom. 386 


dose of. 884 


^H seeds, 336 


glucosidal contentB of. 380 


^H sUtistlcs of poisoning. 3.5 


pharmaceutical preparations of. 883 


^B DaiuTO Stramonium, statistics of poi- 


poisoning, treatment oUAjipcndur), 


^B BOning by (Table HI.). 31. 35 
^H Davidson, Dr., case of poisoning by 


seeds! 37S, 380 


^H spurred rye, 410 


statisticfl relative to poisoning by. 


^B Davidson's "cancer remedv," 477 


35, 385. 388 


^H Davv's (Dr. E.) method of detecting ar- 


tincture of, 883 ^^^ 


^^M Benie. 510 


Digitin, 383 ^^H 


^B Daw, Sir H.. 14 


Digitonin, 881 ^^^H 


^^B Deaths in England from poisoning. 38, 


testa for. 383 ^^H 


^H 39. 3U 


Digitoxin, 881, 384 H^^H 


^H DeUrianta, 34 


Dimethyl-protocatechuic acid, SIB 


^^B Delirium tremens and atropine poieon- 


DinitKwulphide of iron, method of pre- 


^1 ing, 345 
^^B deatlis from. 116 


paring. 124 


Diodon, -xiiBon of, 424 


^H Delpech. case of carbolic acid poison- 


Dioscorides, 3 


^H ing recorded by. 116 


Diphenylamine, reaction on, with pota»- 


^H Delphinine, action on heart under the 


Bic ferrid cvanide. 444 


^H influence of digitalin, 800 


Disinfectants, 144 
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Disinfectiiif; fluid, poisoning by. 145 
Diainti^ting iiowders, M.'t 
Dixon's wills, t'oni[)osition of, 531 
Dolbeaii s eAperiments on anieatbetiauig 

sleeping persons. 139 
Domitiai), 3 
Dover's powder, 286 
DragendorS, J. Q.. experiments on co- 
uiine by, 240 
his metbod of examiniriK blood, 615 
for estimating alkaioidB in nux 

vomica. 31)3, 298 
for extraction of alkatoidfl, 210 
for extracting cantbaridin. 4S0 
for extracting geU^mine, SilS 
for extracting niorpbine from urins, 

277 
of separating rurarine, 867 
of aeparating strycbnine, 304 
quetvacitine aJkaloids, 311 
researches on cantbaridin, 4S1 
reeearcheB on ergot, 407 
separation of Holanine. 353 
short method of extracting edka- 

loids. 235, 326 
tests for physoetimiine, 360 
Daboia Ruasellu (see Rugsdrx viper) 
Duflos' pruesic ncid, 107 
Dupre on elimination of alcohol, 119 
on presence of copper in different 
BUbetances, 651 
Duroy's estimation of alcohol in the 

brain. 110 
Dutch pink, 536 
Duteil, A.. 2 

Dworzak, auto-experiments on coniine, 
241 
and Heinrich, auto-«xperimeDta on 



Eptlepav. production of by chloroform. 

1^ 
Ergot, 4114,412 

chemical properties, 4U5 

colouring matters, 406, 407 

detection of. in flour, 407 

fataJ dose of poisoning by, 408 

fixed oil of, 405 

inert form of, 408 

infusion of, 408 

liquid extract of, 407 

medicinal dose of, 408 

pharmaceutical preparations, 407 

4oa 



n of ammo- 



EcboUne, 400 
Eczema arsenicaJe, 400 
E^rplian knowledge of poisons, S 
Emery, Nicolaa, 14 
Emetm. decomposing 
nia on. 218 
reaction with ferrid -cyanide of pot- 
ash. 444 
phoBpho-molybdate, 210 
platinum chloride compound, 285 
separation of, by ethereal solvents, 
224, 285 
English hiw aa to poisons, 10 
Engraver's acid, 78 

Engel on the normal amount of carbol- 
ic acid in the human body, 154. 
Epilei>8V, possible confusion with strych- 
nine tetanus. 300 



of, 408 

treatment of poisoning by {Appen- 
dix\. 630 
Ergotinine, 406 

behaviour of, towards ferrid-cya- 
nide of )X)lasb, 444 
Ergotism, 408, 410 

gangrenous form of, 40Q, 410 
epidemics of. 408 
Ericolin, separation of, by benzene, 215 
ErythTOjihlmm guineenae, 308 
Erythroplein, BBS 

treatment of poisoning by {Appen- 
due), 630 
Eserine (mi phytottigmin^ 
EsBential oih, IIT 
Ether. 122, 128 

as an aneeethetio, 122, 133 



: 



_apo.B. 



I, 122 



statistics of poisonm^ by, 81 
of poistnir " """ ' 



treatment < 



organic fluids, 123 
onm^ by, 81 
poiscning by {Appen- 



Ethiop'a mineral, 572 

dose of for cattle, 575 
Etbyl chloride, deteimination of in 
chloroform, 120 

oxide sulpbo-carbooate, 143 

Btrj-chnine, 228 
Euchlorine test for carbolic acid, 166 
Eulenberg'sexperimentson alcohol. 120 

experiments — i~r,.oni. <-»..^,... 



110 
experiments < 

gas. 78 
experiments i 



benzene vapour, 
I hydrochloric acid 
1 mercury va^Hmr, 



experiments on nitric acid vapour, 

experiments on nitro-benz«ne va- 
pour, 102 
experiments on oxalic acid vapour. 



J 
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Faick, F A., 17,57,87 

depression of temperature in chlor- 
al poisoaing, Im 
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cine and strychnine. 308 
experiments on strychnine, 204 
statistics of alkah poisoning. 03 
statistics of atropine poisoning. 345 
statistics of chloroform poisoDing, 

136. 137 
statistics of labnraum poisoning, 
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statistics of phosphorus poisoning, 
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Falck. C, Ph., and L. Viet.r, local ac- 
tion of sulphuric acid, 59 
Faraday, liquefaction of hydrochloric 
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Feneuitle. discovery of delphinine bj, 
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Ferric chloride, flOO 

criminal case of poisoning by, 61)1 
effects on animals. 000 
effecti on man, flOO, 601 
elimination of , 601 
estimation of, 001. 602 
solution of. 600 
test for carbolic acid, BOO 
Ferric salts, search for, in animal tis- 
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Fleining, A., work on aconit«. 323 
Fleming's tincture of aconite, fatal case 

of poisoning from, 331 
FtUckiger's method of opium assay, 353 

test for carbolic acid, I5T 
Fienry'a method of opium assay, 355 
Fly, effects of poisona on, 30 
paper, arsenical. 476 
water, arsenical, 478 
Fodere's classification of poisons, 33 
Foatenelle, case of ergot poisoning, t^ 
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Fool's parsley. 417 
Fouguies, M., poisopiogof, by M. Bo- 
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Fountain, Dr.. case of poisoning by po- 
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323 
Frantzet, case of poisoning by alcohol, 
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Fraser'a researches on atropine. 842 

researches on strophautin, 895 
Fraser and Crum Brown on the action 

of methyl coniine, 388 
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French law as to poison, 31 
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Friedlfinder's acomtme, 310, 830 
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Olucosidea. classification of, 88 
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Greene W. H., 17 
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Orinrod's remedy for spaams, 2Jt8 
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GuicciavJini, 7 
Guilaud, work on aconite, 333 
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Gums, coloration of. by copper, 556 
Oundelach, artificial production of 
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HKmatiu, spectrum of, 017 
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Hanging, use of, by suicides. 33 
Hannibal, death of, 
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paper on aconitia, 333 
researches on fool's parsley, 417 
Harnack's experiments on lead polsm- 
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Hartmaou, J.,oathe solubility of phos- 
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Hasselt, A.., van. work on poisons, 17 
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Hauzmann, on the elimination of mor- 
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poisons, 41 
poisons, list of, 388 
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Hebner on elimination of potossic chlor- 
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Heinrich'a auco-experiments on cantha- 
ridee. 438 
experiments on nicotine, 348 
Heisler, case of phosphorus- poisoning 
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Heliodorus, 4 

Hellebore, active principles of, 803, 804 
poisoning by. 394 
statistics of. 80. 3.5 
Helleboretin, 304 

Helleborin, separation of by solvents, 
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recorded by, 347 
metlioU of sublimation, 228 
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treatment of poisoaiug by (Appen- 
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Hemming, W, D., work relative to poi- 
sons (bibliography), 17 
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olkaJoidol content of, 848 
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Hermann, L., work relating to poisons, 
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Heubel'B experiments on lead, 538 

Heiinefeld'B turpentine, ()19 

Hexane, 109 

Hexylene. 109 

Hildebrand, cage of poisoning by to- 
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Hilger's test for mineral acids, 67 

Hindoo knowledge of poisons, 6 

Hind's sweating-ball, 531 

Hirne on elimmation of potosaic chlo- 
rate, 103 

Hoflf, Carl, 9 

Hoffmann, E.. case of poisoning by 
chloroform, recorded by, 138 
work of poisons, 17 
Dr. Friedrich, 10 

Homolle's di gitalin, 383 

Hopkins and Williams' pseudaconitlne, 
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Hoppe-Seyler on thelocal application of 
sulphuric acid, 158 
on ciystaU iu blood of persons poi- 
soned by prussic acid, 176 

Hornet's sting, treatment of iAppeii' 
dix). 637 

Horses, poisoning of, by tobacco, 345 

Hottot'a aconite, strength of, 330 
work on aconitine, S33 

Howard. John, cose of poisoning by nic- 
otine recorded by. 345 

Hugo, P.. researches on the pathology 
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Humopic acid. 2 

Hunter, John, iofiammation of stomach 
from the eiil^mal administration 
of arsenic, observed by. 484 

Hunter's solution of chloral. 140 

Hurt of Manchester, case of poisoning 
bv yew berries, recorded by, 
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Husband, case of chloral poisoaing re- 
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HuBemann's definition of poison, 31 
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Hydric cvanide, 186, 183 

acoiuentol and criminal poisoning 
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action on the blood, 176 
action ou living organisms, 171 
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chronic poisoning by, 175 
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fatal dose of. 171 
medicinal preparations, 167 
physiological action of, 175 
poisoning by, 188 
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181. 182 

treatment of poisoning by (Appcti^ 
dix). S31 

use of, in the arts, 168 
Hydric sulphide, reaction with different 
metals, 53 

suipliocTauide, efferta i 
Hydrochloric acid, 70, 77 

action of, on clothing, ic., 73 

amount of, in gastric juice, 71, 31 

detection and estimati^i of, f " 

effects of, 78 

fatal dose. 71 

gas, 73 

influence on vegetation, 72, 78 

po»t-mortem appearances, '15, 76 

symptoms produced by, 73, 75 
Hydrocollidine, reaction with ferrid-tj'- 

anide of potash, 444 
Hydrocotarine, 253 

in list of opiiuu-al haloids, i 

nitrate, lethal dose of, 808 

nitrate, tests for, 386 
Hydrocyanic acid (see hydrie-cyani 
Hydropotassic tartrate, f * 
Hydroquinone, 152 
Hyenoid appearance of dogs poisoned 

by morphine, 268 
Hyoscine, 847 
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Hyoscy amine., oil of, 349 
ointment of, 849 

pharmaceutical preparations, 847 
phu^pho-molybdate, 310 

Expert ies of. S4T 
paration of. from organic mat- 
ters, 349. av) 
Hvpochlorooa acid, test for chloroform, 
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H.vpoquebrachine, 311 
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duced by atryclinine. wO 



India. Poisoning of children by opium 

in, 261 
Indican, carbon and niti'ogen, percen- 

tage o(. 238 
Indigo carmine, test for chlorates, 103 

tetits for nitrates, lti!t 
Infant presetratives, 280. 261 
Infuaoris, etfects of poisons on, 38 
Insanity produced by lead, 543 
Insects, effects of poisons oa, 39 

poisonous, 27 
Intestinm, contraction of. through ni- 
cotine, 24B 
Iodic acid test for mari>bine, 265 
Iodine, crim.inal poisoning by, 35 

in hydriodic acid as a reagent for 

alkaloids, 308 
in DOtassic iodide, 310 

s of poisoning hv, 30, 35 
■nt of jxiiaoningby, (Appen. 
dLr). 831 
Ipecacuanha, compound powder of, 356 

and morphine lozenges. 307 
Iron. 599. 004 

action of, with sulphuric acid, 60 
limit of toxioity, 37 
salts of (see /er'ric and /erroiis). 
statistics of poisoning oy, 3S 
stains (iron mould), 604 
Irritants, 34 
Isatropio acid, S3S 
Isodipyridine, 444 
Italian school of poisoners, 9 

Jaborakdi, properties of, 863 

Jacobi, Dr., case of poisoning by pota»- 
sic chlorate, recorded by, 103 
mdice, as effwjt of chloroform poi- 
soning. 137 
aa effect of phosphorus-poiBoning, 
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Javelle water. 93 

Jervine. carbon and nitrogen, percen- 
tage of. 383 



Jervine, pliospho-molylitlate of, 210 

properties of, 355 

serration of. by chloroform, 217 
John. Dauphin of France, 7 

King of England, 6 

of Ragtibo, 9 
Johnsop, Dr. , poisoniBg by Rubini's eo- 

senre of camphor, 114. 
Johnson, J., pills, 090 

Kakotblis produce*! by the action of 
nitric acid on brucine. 810 

Keli, 11 

Kappeler. case of death from chloro- 
form, recorded by. 130 

Katipo, effects of biK, 435 

Kerosene, 107 

Keyser's pills, composition of, 574 

Kidneys, changes produced by phos- 
phoms-poisonrng. 200 
effects of oxalic acid on, 464 

King's College Hospital museum, path- 
ologic^al specmiens illustrative of 
prussic acid pioisoning, 76 

King's yellow, 477 

Klein, Dr., method of preparing gela- 
tine pork, 49 

Klein, Dr.. on the NottinRham and Wel- 
beck outbreaks. 449, 450, 451, 453 

Kletzinsky on hyoscyamine, 350 

Kobert and Kllssner on the effects of 
sodic oxalate, 459, 463, 468 

Koehler, B., work on poisons, 17 

Holler's prussic acid, strength of, 167 

Koppe. auto-experimeuta on digit«xin, 

Koppeschaar's method of estimating 
carbolic acid, 160 

KoButanv on tlie yield of nicotinic from 
tobacco, 343 

Kratter on separation of strychnine by 
the kidneys, 304 

Krocker's research on nicotine, 249 

KOster. E., case of subcutaneous injec- 
tion of carbolic acid with fatal 
result. 151 
on rise of temperature aft«r poison- 
ing by carbolio acid, 153 

Labubitom, active constituents of, 352 
case of poisoning by. 3.'>4 
statistics of criminoi poisoning hy 

the seeds, 34 
treatment of poisoning by (Jppen- 
dix). 631 
Idferda on potassic permanganate in 

snake- poisoning, 435 
Ladanosine in list of opium alkaloids, 
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the poison, 333 

poiaoi],il3 3 
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nitrate, fatal dose of, 808 

some reactioDH of, 8a6 
X^ndaberg on excretion of morphine by, 
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Langaord'a research c 
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Laugadorff on eating by natives of 
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Lantbupine in list of opium alkaloids, 
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effects of, 425 
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Btatietire of poisoning by, 260 
I^urocerasuH, 160 

carbon and nitrogen, percentage of, 
233 
liBvoiaier, 14 
Lead, 633, 549 

acetate, 534 

as anormal constituent of the body, 
.■547 

carbonate of, 534 

case of poisoning by, 541 

chloride of, 534 

chronic poisoning by, 541 

detection and estunation of, 548 

dose of, 546 

effect of, on animals, 638, 539 

encephalopathy, 542 

in beer, 537 

in food, 537 

influence of, on pregnancy, 548 

inglasB. 538 

iodide, 534 

localisation of, 517 

nitrate of, 536 

ointment of, 535 

oxides of, 583 

oxychloride of, 686 

physiological action of, 547 

pigments, 6841 

prfsoning by, 539, 540 

plaster, ^4 

post-mortem appearances in coses of 
poisoning by. 645 

pyrol ignite, 536 

red, 633 

solubility of in water, 535 

statistics of poisoning by, 38, 30 

»ubacetate compound ointment of, 
535 
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Lead, sulphate, 536 

white, 536 
Lebert and Wyss on the blood in phos- 
phorus-poisoning, 19S 

on the nnne, 195 
Ledojen's disinfecting fluid, 083 
Leeches, effect of oxaBc acid on, 460 
Lefort on excretion of morphine by the 
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3 of carbolic acid ou the 

Lemaurier's odontalgic essence, 238 
Lemons, essential salt of, 458 
Leaoble, percentage of nicotine in to 

bacco. S43 
Lassar, O., on nitric acid, 79 
Lesser, A., on hydrocliloric acid, "4 
on sulphuric acid poisoning; its &<: 

tion on the gullet, 6t 
work on poisons, 17 
LeteUier and Speneux on the actioii or 

agarieus phaUoidfs. 877 
Letheby, caaeof poisoning bynitro-ben- 

related by, 162 

a colour-test, 805 

ftge of nicotine in tobacco, 

243 
Leucine, a constituent in the urine after 

phosphorus-poisoning, 205 
Lever, simple form of, recording graph- 
ically the cardiac pulsations, 43 
Levinstein, case of chloral poisoning 



s-poisoning 



recorded by, 189 
Lewin, case of pbospht 

recorded by. Ifll 
Lewis' silver cream, 685 
Leyden. E.. observations on the urine in 

sulphuric acid poisoning, 68 
Lieben's coametique tn/ailliblc, 583 
Liebreck, P, L, action of phosphorus on 

the blood, 196 
Liebreich, action of chloroform on the 

blood. 136 
Liersch, S. W.. action of turpentine 

vapour, 1 13 
Life-tests, 36. 37, 88 
Liniment, statistics of poisoning by. 30 
Linne. ease of poisoning by dapliM 
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Lipowitz's test. 204 
Liquor ]>ot-a»itt efferveacena, 91 

Hfjdie effenvsc-ns. 93 
Lister's antiseptic tre^itment. 14S 
Litbium, limit of toxicity, 37 
Liver, fatty degeneration of, after 

phorus poisoning, 199 
Lloyd, J, U., on solubility of laornlune. 

264 
Lobeliin, separation of bv solvents, 230 
Lobel Lobelstein ou phospburus-iuison- 

ing, 190 
Locusts, 6 







Iiombard, H. C, case of sulphuric acid 
poisoniiig^. 58 

Lombroso and Erba, extnustion of pto 
rnaineB from maize, 443 

Lowe, C, process for the assay of disin- 
fectants, isy 

X>adw-ig'B method for the 
mercury. 588 

LungB. changes in phosp! 
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Lupin seeds. 

bodies, 343 

Lutidine as a constituent of tobacco- 
smoke. 347 
pbyaiological action of, 248 

[iCAXi&H, separation of atrychnine by, 
304 
' VConkey. case of aconite poisoning re' 
corded by, 336 

Uacniven, case of poisonine by potassic 
bichromate recorded oy, 6WI 

Macphail, case of carbolic acid poison- 
ing recorded by, 148 

Macredy, case of poisoning by strych- 
nine recorded by, 297 

Madagascar ordeal bean, 398 

Uagendie, sudden death from pruBsio 
acid recorded by, 178 
on phosphorus poisoning, 190 

Haggrai, 14 

Magnesium, limit of toiicity, 87 

H^ion, A., work on poisons, 17 

Maixe, ptomaines developed during the 
putrefaction at, 443 

Mole, Dr. case of aconite poisoning re- 
corded by. 333 

Manganese, limit of toxicity, 37 

Mania, as a result of poisoning by car- 
bon disulphide, 143 
as a result of poisoning by chloro- 
form, 131 

I a result of poisoning by oxalic 
acid. 463 
jot. Dr.. poisoning by chloral, 138, 
130 

Hannkopf, on certain effects of sul- 
phuric acid poisoning, 02, 68 

Manometer, mercurial, for registering 
arterial pressure, 46 

Manouvriez, Dr., case of poisoning by 
potassio chlorate. 1U3 

Marchand, effect of chlorate of potash 
n the blood. 100 
■7 
of poisoning by 
zinc chloride, bM 

Uarking-inks, composition of, 564 

Harme's experiments on catlmium. 531 
researche on the hellebores. 394 

Marsh's test for arsenic, 14. 409 

Jlaitineau, case of arsenical poisoning 
related by. 488 
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Maschka, case of poisoning by alcohol, 
related by. 117 
case of poisoning by bitter almonds, 

183 
case of poisoning by sulphate of 

copper, 556 
case of poisoning by sulpharic acid. 

60 
work on poisons, 17 
Massey and Ferraud, regina v., 431 
Matches, composition of 188 
Matthew's cordial, statistics of poison- 
ing by, 360 
Maximilian, Emperor, 
Mayer's reagent. 234 
Mavet on the composition of matches, 
187 



Meconic acid, properties of. 287 

separation of, 387 
Meconine. extraction of. by solrents, 
363 

per cent, of, in opium, 353 
Meconium, contents of. in sulphates, 69 
Meihuizen, ph<raiological action of mor- 

pbine, 3^70 
Metsen. detection of nicotine long after 

death by. 349, 3.'» 
Menard. Eug.. characters of the blood 
in cases of phosphorus-poisoning, 
106 
HendesiUB, 4 

Mental disease referred to chloral drink- 
ing, 140 
Menu, institutes of, 4 
Menyanthin, separation of, bv benzene, 

315 
Merck's aconitine, activity of, 319, l 
Mercurial tremor, 570 

vapour, effects of, on animals, 
577 

vapour, effects of, on man, 577, 

vatKiur, effects of. on vegetal 

576 
Mercuric chloride, 570 

cyanide, 183, 688 

death from external use of, 583 

ethyl chloride. ."JTO 

methide. effects of. 579. 580 

potassic iodide. 200 

sails, test for. 587 
Mercurous chloride. 688 

dose of. 575 

Holttt. test for. 5S6 
Mercury, 568, 5»0 

ace'tate of. 570 

and ammonium plaster, 560 

and chalk, 669 



Mercury, and quinine chlo 
cyanide, 573 

detection of in oretuiii 
elimination of, 584, 68' 
estimation of. 58U 
frequent occurrence of in human 

body, 58S 
green iodide of, 573 
Mercury in the arts, S73 

in Yoterinftry practice, 575 
iodide of. 571 
nitrate of, 573 
nitrate of, death from exteraal ap- 
plication, 586 
effects of, 684 

t of, 573 

it of. (compound), 589 
It of, isimijle). 571 
ointment of, fatal effects of, 579 
perchloride, 570 
plaster, 669 

piMt-mortem appearances in poison- 
ing by. 683 
pump, 61 
red oxide. 673. 
Balte. doee of, for animals and man, 

575 
statistics of poisoning by, 28, itl, 84, 

575 
subchloride, pill of, 571 
sulphate of, 673 
sulphide of, 568, 573 
sulphocyanide, 574 
HUppoeitories, 668 
treatment of poisoninK by, 683 
treatment by, {AppeiMix). 631 
volumetric processes for estimation 
of, 5S8, 588 
Meric, caae of rhronic noisoning from 

chloroform, recorded by, 131 
Hetantimonic acid, 619 
Meta phenyldiamine tests for oitrites, 

84 
Methsemoglobin, spectrum of, 617 
Methane, I3B 

ciiloride of, 183 
Hethylamine, curbon and nitrogen, per- 
centage of, 333 
reaction with ferrid-cyanide of pol- 

Methylated ether, 123 
Uethyl brucine, 307 

chloride, 188 

coniine, 388 

ooniine, separation of by solvents 
in DrugendorfTs process, 319 
Methyi creaaote, 157 

cyanide, 184 

strychnine, 322, 307 
Metbelene dichloride. 133 

pyridene cartioxylate, 247 
Meyer, case of aconite poisoning re- 
corded by. 838, 381 
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Miclioel, artificial production of mtthyl 

coniine by, & 
Michet, Cliarles, work relating to poi- 

Milk -secretion diminished by chloro- 
form, 136 
Miller's cat-powder, 293 
Mineral green. 563 
oil. 107 
white. 638 
Miniature paintera' white, 586 
Minium, 538 
Mirbane, essence of, 169 
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vegetation, 77 
Robert, case of poLsoning by paraf- 
fin, recorded by, 108 
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centage of, 233 

platinum chloride of, 23S 

separation of, 317 

Hublimation of, 231 
Theriaca. 2 
Thevetin. 395 

Thompson on the action of oil on cop- 
per, 550 
Thorey'H proceaa of extracting hyoacya- 

mine, 347 
Thudichuni, 07 

on elimination of alcohol, 119 

method of eepaiating potassic ethyl 
sulphate from the urine. 188 
Thugs- use of datura by. 341 



Tiberius, 

Tillner, E, detection of prussic acid by, 

I long after death. 182 
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ing. recorded by, 148 
White precipitate, 571 

effects of, 383 
White vitriol, poisoning by. 596 
Wigner and Rsj-land, on the ci 
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